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1 - INTRODUCTION 
Psge 2 
One o f  t h e  most l l k e l y  p o s s i b i l i t i e s  f o r  i nc reas ing  world 
food ~ r o d u c t i o n  i s  t h e  expansion of  a g r i c u l t u r e  i n t o  marginal  
lands .  A l a r g e  p o r t i o n  o f  t h e s e  lands  i s  i n  a r i d  and semi-ar ld 
reg ions ,  and s o i l s  and waters  i n  t h e s e  a r e a s  a r e  f r e q u e n t l y  
s a l l n e .  Legumes a r e  u s u a l l y  found t o  be not very s a l t  t o l e r a n t ,  
b u t  t h e i r  p o t e n t i a l  has not  been f u l l y  exp lo i t ed .  For legumes 
one must t s k e  account  of t h e  p l b n t  a s  w e l l  a s  i t s  symbiosis 
w i t h  -. Pigeonpea i s  an eu tens lve lq  c u l t i v a t e d  legu-  
minous crop i n  t h e  semi-ar ld r e g i o n s  where t h e  s a l i n l t y  problem 
i s  becoming severe .  
I n  making t h e s e  s a l t  a f f e c t e d  l ands  p roduc t ive ,  an import-  
a n t  approach may be t o  modify t h e  c rops  g e n e t l c a l l y  t o  adapt  
them t o  s a l i n e  environment.  I t  i s  known t h a t  t h e r e  i s  no b i o -  
l o g i c a l  i n c o m p a t i b i l i t y  between p l a n t  l i f e  and even h igh ly  
s a l l n e  c o n d i t i o n s ,  a s  evidenced by ha lophytes .  There i s  much 
g e n e t i c  d i v e r s i t y  i n  crop s p e c i e s  i n  r e s p e c t  t o  meny t r a i t s  
i nc lud ing  s a l t  t o l e r s n c e  and i t  has been a l r e a d y  demonstrated 
t h a t  i t  i s  p o s s i b l e  t o  t r a n s f e r  a  t r a i t  l l k e  s a l t  t o l e r a n c e  
from a  wild s a l t  t o l e r a n t  s p e c i e s  i n t o  r e l a t e d  crop s p e c i e s  
(Rush and Eps t e in ,  1976).  
Screening  f o r  g e n e t l c  d i v e r s i t y  f o r  s a l t  t o l e r a n c e  has  
been at tempted i n  c rops  l l k e  r i c e  ( ~ k b a r  and Yabuns, 19751, 
wheat (Shannon, 19791, b a r l e y  (Eps t e in ,  1977; J a n a  & d. ,19791, 
and l e n t i l  ( J s n a  and S l i n k s r d ,  1979).  The l a c k  of v c r l a t i o n  
f o r  s a l t  t o l e r a n c e  i n  tomato was overcome by making wide 
c r o s s e s  wi th  t h e  e x o t i c  tomato ( ~ ~ c o u e r s i c o n  m r n t i i l l i )  
c o l l e c t e d  from t h e  Galapagos I s l a n d s  ( R u s h  arid E p s t e i n , l 9 7 6 ) .  
Legumes a r e  u sua l ly  found t o  be not  very  s a l t  t o l e r a n t  
but  t h e i r  p o t e n t i a l  has  not been f u l l y  e x p l o i t e d .  Legumes 
p r e s e n t  a d d i t i o n a l  c h a l l e n g e s  i n  f i n d i n g  s a l t  t o l e r a n c e ,  a s  
cornbared wl th  c e r e a l s  o r  o t h e r  non legumes. For  legumes, one 
must t a k e  account  of t h e  b l a n t  a s  w e l l  a s  i t s  symbios is  w i t h  
J t h l z o b i ~ .  h l though most legumes appear  t o  be  s a l t  s e n s i t i v e ,  
c e r t a i n  legumes such a s  P r o s o p i s ,  b c a c i a  can  show extreme 
t ~ l e r a n c e  t o  s a l i n i t y .  P r o s o > i s  t a m a r u ~ ~  can  even f i x  n i t r o g e n  
s y m b i o t i c a l l y  i n  s e a  water  which has  a  s a l t  concen t r t i t i on  of 
3.5%. Thus p rev ious  g e n e r a l i z a t i o n s  on s u s c e p t i b i l i t y  o f  
legumes t o  s a l t  (Be rnns t e in ,  1964) should rio l onge r  be made. 
I t  i s  w e l l  kriown t h a t  t h e  Hhizobiulg can  t o l e r a t e  high l e v e l  o f  
s a l i n i t y  t han  i t s  hos t .  Among c u l t i v a t e d  legumes t h e r e  i s  
c o n s i d e r a b l e  g e n e t i c  d i v e r s i t y  f o r  s a l t  t o l e r a n c e  ( B e r n s t e i n  
and Ogata,  1966).  
Pigeonpea (w $a.Iaq L. Mil l sp . )  was chosen f o r  t h e  
p r e s e n t  s tudy  mainly because i t  i s  one  of t h e  p u l s e  c rops  
which i s  e x t e n s i v e l y  c u l t i v a t e d  i n  s emi -a r id  r e g i o n s ,  where 
s a l i n i t y  problems tend  t o  b e  more tlcute.  I n  semi-ar id r e g i o n s ,  
s a l t s  move from deeper  s o i l  l h y e r s  t o  t h e  s o i l  s u r f a c e  due t o  
t o t a l  evapora t ion  exceeding t o t a l  r a i n f a l l .  As a  deep roo ted  
crop ~ i g e o n p e a  r o o t s  may be a b l e  t o  p e n e t r a t e  t o  deeper  l a y e r s  
o f  s o i l  where s a l t  s t r e s s  i s  r e l a t i v e l y  l e s s  t han  n e a r  t h e  
s u r f a c e .  
An e x t e n s i v e  world c o l l e c t i o n  o f  germplasm l l n e s  o f  
p igeonpea  i s  mai n t a i  ned i n  t h e  I n t , e r r ~ t l t i o n a l  Crops  Research 
I n s t i t u t e  f o r  t h e  Semi-Arid T r o p i c s  (ICHISAI').  I n  a d d i t i o n  t o  
t h j s  ICRISAT h a s  a  l a r g e  c o l l e c t i o n  (400) o f  p i g e o n p e a - p o s i t i v e  
r h i z o b i a l  s t r a i n s  from d i f f e r e n t  p a r t s  o f  t h e  world .  These 
s c u r c e s  may h ~ v e  g e n e t i c  d i v e r s i t y  f o r  s a l t  t o l e r a n c e  a s  t h e y  
d o m r  many o t h e r  c h a r a c t e r s .  T h i s  p o s s i b i l i t y  h a s  no t  been  
w e l l  e x p l o r e d  so f a r .  
L a s t l ? ,  i t  sk.ould b e  p o i n t e d  o u t  t h ~ t  e v e n t h o u g t ~  t h e  
s y m b i o s i s  i s  s u s c e i t i b l e  t o  s a l t  s t r e s s ,  i n  most c a s e s  i t  
depends  latiinly on t h e  h o s t ' s  a t ; i l l t j  t o  p r o v i d e  a c o n g e n i a l  
r n i c r o e r ~ v i r o n ~ n e n t  t o  i t t  s rn lc rosymbio t i c  p a r t n e r ,  and t h e  mic ro -  
s y ~ n b i o n t '  s  s y r n t i c t i c  a b i l i t y  under  s e l i r i e  s t r e s s  c o n d i t i o n s .  
I f  we can  f i n d  t o l e r a n t  p igeonpea  i j n e s  a s  w e l l  a s  RhizotJtim 
s t r a i n  wi-iich chrl pe r fo rm w e l l  t inder s a l t  s t r e s s ,  o p e r a t i o n  o f  
t t le  s q m b i o s i s  may no t  be a l l ~ i t i n g  f a c t o r  i n  s a l i n e  s u b s t r e t e s  
a s  mtiy b e  l i l  t h e  c a s e  o f  P r o s m  tamaruaq.  
L i t t l e  I n f o r m a t i o n  i s  a v b l l a b l e  regarding g e n o t y p i c  v a r i -  
h t l l i t y  f o r  s h l t  t o 1  ranct: I n  p i g e o n p e a ,  i t t  s micros)rnbiont 
( j j h l z o b i u ~ q l  a:ld sqrn1)iotlc: be t l av iour  u n d e r  s a l t  s t r e s s  c o n d i t i o n s  
The i n f o r m a t i o n  i s  i n p o r t a n t  f o r  s t a r t i n g  any p igeonpea b r e e d i n g  
p r o g r m m e  f o r  s a l t  t o l e r a n c e .  T h e  t h e s i s  p r e s e n t e d  h e r e  i s  a n  
a t t e m p t  i n  t h i s  d i r e c t i o n  and t h e  p r e s e n t  i n v e s t i g a t i o n  was 
u n d e r t a k e n  t o  develop & t e c h n i q u e  t o  s c r e e n  l a r g e  n u ~ n b e r s  o f  
pigeonisea germplasm and t o  d e t e r m i n e  t h e  atnount o f  g e n e t i c  
d i v e r s i t y  f o r  s a l t  t o l e r a n c e .  P i g e o n p e a - p o s i t i v e  r b i z o b i a l  
s t r a i n s  of  d i v e r s e  o r i g i n  were a l s o  examined f o r  t o l e r a n c e  t o  
s a l l n l  t y  I n  n u t r i e n t  media. T h e  s q m ~ - ~ l o t ~ l c  performc?nce o f  
p i e e c n p e a  genotqpes i n o c u l a t e d  w i t h  d l f  f e r e n t  Rhl zobium s t r e i n s  
(bo th  legume hos t  and Rhizobiuq va rq lng  i n  t h e l r  t o l e r a n c e )  w a s  
determined t o  decided even if both of  t h e  symbiot ic  p a r t n e r s  
a r e  t o l e r a n t  t h e  sqrnblosis i t s e l f  may be susce ; t i b l e .  
2.LITERATURE REVIEW 
2 . 1 .  GENERAL RESPONSE OF PLANT TO S A L T  S T R E S S  
Salt: mainly effect plant metabolism in two ways. One 
i s  b;' creating an osn~otic pressure and thereby reducing the 
phyziological availability of water though physically 
available. The second by specific ionic toxicity. The 
toxicity of s a l t s  is directly correlated to their 
pcrn~ct~l.)i I i t y ;  the more rapidly salts penetrate and 
accumulate, the more toxic are they to the plants (Neger 
1913). According to Arnold (1955) the effect of salts on 
the plant is determined by the ratio of the adsorbed to the 
free ions, an increase ~n the free ions, even of nitrates or 
sulphates, has an adverse effect on the plant and according 
to him only the amount of free ions, and not their physical 
properties determines the condition of the plants in a 
saline environment. 
Salinity induces changes in the anatomy of plants 
( f - t a l  1 1 1 ,  lP71; I c r e g c  L325; Chermazon, 3 9 1 0 ) .  P c r :  t f  
t h c ~  t ; ! c  t l  r ~ i c h  t k ; t  n l ~ n i t l  induces fcstutc: tyk:ct ' t l 
succulence ie. the leaves are thickened, the size of 
epidermal cells increases, the number of stomata per unit 
area in the leaf decreases, the palisade and spongy 
mesophyll layers of the leaf develop extensively, while the 
conductive layer is poorly developed and differentiated. 
The tendency to develop succulence is an adaptive response 
of the plant to salinity and ~t is accepted. As a result, 
quite often the degree of succulence is associated with the 
degree of salt tolerance of the same plant. 
However, a nurrlbcr of findings show that salin~t). 
induces xeronsorphic features or more accurately haloxerisn 
ie.,'together wjth a thickening of the leaf, the decrease in 
the size of the epidernlal cells, the number of storrata l c r  
unit area increases, the conductive system is well developcci 
and differentiated etc (Strogonov and Muradona, 1 9 5 9 ) .  
The type o i  zut~ztrate determiner the rate of water 
exchange of piants; plants from sulphate type of salinity 
absorb water florrt the soil and expend it intensively, 
whereas chloride type of salinity decrease the rate of 
transpiration and an increase in the volume of the cells, 
which apparently begin to function as water storage organs 
due to the penetration of chlorides in to the plant parts 
(Strogonov, 1953). 
2 . 1 . 1 .  S A L T  TOXICITY AND ADAPTATION OF PLANTS TO S A L I N I T Y  
Under conditions of strong salinity, salt poisoning is 
oftf.11 otservcci. 'I'kic. first signs of salt poisoning in son'< 
plants t a k c ~  t!.r- f o r n  of t l l c a c h i n g  of chlorophyll wh11: I T ,  
others browning of isolated parts of the leaves occurs. 
Bleaching of chlorophyll is accompanied by a decrease in the 
strength of the bond between the greeen pigment and the 
protein of the chloroplast. This condition of the 
necrobiosis is reversible. Under favourable conditions 
those parts of the leaves which previously became yellow, 
again became green.(Strogoner and Ivanilskaya 1954, a) 
The substances found in the necrotic areas in plants, 
under conditions of chloride or sulphate salinity, differ in 
their) chemical properties and their distribution. The cells 
in the state of necrobiosis act as centers for the 
accumulation of toxic organic substances. These substances, 
while being trans1ocat:ed through normal cells, poison them 
a n d  tkierck~y causf a progressive necrobiosis and necrosiz in 
isolated &.arts of tkie organ (Strogoner et al., 1961). 
Plants under saline conditions, changes in nitrogen 
metabolisn~, were accompanied by the accumulation of ammonia, 
amines, diamines (put rescene, cadaver ine) , aminoacids 
(hydroxyproline, proline, l.leucine, isoleucine, d.alanine, 
phenylalalanine, and tyrosine) will have an adverse affect 
on the physiological processes in the plant. Accumulation 
of certain aminoacids as arginine and lysine may occur which 
serve as precursors for the formation of toxic diamines like 
putre~cinc (Sttc)~onov, 1940). The increase in content- of 
. - t i . (  : - :  I r r.ri<j I 2 ;  n , In :;orbe o r g a r . :  c , f  
I > . r . t :  i 1 1 r ccinditionc, can  tic. consid< red a s  a 
protective adaptive response of the plant, binding of 
ammonia inorder to reduce its concentration and it seems 
that in some plants the dicarboxylic aminoacids serve as 
acceptors of ammonia, and in this way neutralizing its toxic 
effect in the cell (Strogonov, 1958). 
2.1.2. MECHANISM OF SALT TOLERANCE 
High ion uptake is the principal fnt h a l o p h y t i c  
adaptation (Flowers, 1977) . These kialc~pk~} t e r  ( ;cr l t  I s t r  
turgor by high internal Na and Cl concentlat I O I  : . 
Additional adaptive features which contribute to t11r 
avoidence of h i g k ,  iorl copcent rations in the leaver of r r r c  
specier include calt glands and bladders and incrc;: r i r  
leaf volunie associated with succulence. The latter is ofter, 
found in dicotyledons, even in the most salt sens~tlvc 
non-halophyt es . 
In case of low ion uptake, the possible adaptation 
involves the use of organic solutes for example 
photosynthates for osmotic adaptation. For example the 
amount of hexose needed to balance an increase of lOOmM NaCl 
would be 20-308 of the total dry weight for highly 
vacuolated cells conIrared with about 3 0 8  for cells without 
v c c ~ o l c :  ( C r r c r i c  Z L ,  397.3). f l owev t r  , the rrc>ui I c ~ r n t  i t  r 
c c l ~ ! c :  hould t r I t .  r i f  t ? i r r c  k e r f  str~ctur;l r c c  i f ? i c t  > c r :  
such as increases ~n wall extensibility, permeablllty oi + h c  
roots to water, or leaf thickness (Greenway and Munns, 
1 9 8 0 ) .  
In several species the salt sensitivity of certain 
varieties is due to the absorption of relatively large 
amounts of Cl and Na ie. these varieties suffer iron- "Ion 
excessn in their expanded leaves. "1onexcess"can be defined 
as a condition where high internal ion concentration reduce 
growtt~ and the sensitivity in these varieties to ion e x c e s s  
is mainly due to the inadequate cellular compartmentation of 
ions in the leaves(Greenh7ay and Munns, 1980). 
Salt sensitivity of some non-halophytes may be due to 
insufficient uptake of electrolytes for osmotic pressure or 
volume maintenance, particularly in the expanding tissues. 
Yet a n i e r ~  increase i r ~  rate of uptake w o u l d  not remedy the 
situation, because several salt sensitive species have a 
high rate of uptake to the shoots. The key is a 
synchronization of ion compartmentation by the leaf cells 
with a high rate of ion transport to the shoot and there is 
a general assumption that a number of species contain genes 
for efficient ion compartmentation (accumulation in the 
vacuole) (Greenway and Munns, 1980). 
2 . 2  S A L T  TOLERANCE I N  R H I Z O B I A L  S T R A I N S  
R h i ~ o b i i ;  ?:~e conc.iCjc !PC< tc t ~ c  n , c > t - ~ .  t c , ] e t i : r ~ , t  tilc^:r: t k ; t  i 1- 
hoc t I c q u ~ q t  to salinit),. . 2 t c i :-rid ~ L : I T  , c;. Ic; L:. ; : r 
known to be toxic to Rhizobium at high concentratjon: 
(Vincent, 1 9 7 7 ) .  However, there are differences among 
species and strains of Rhizobium with respect to their 
tolerance to different salts. Berseem strains were 
inhibited from 0.2% to 0.4% of chlorides and sulphates of 
sodium and potassium whereas dhaincha strains were tolerant 
upto 1.8%, and gram, groundnut, cowpea, and guar Rhizobia 
were found to be stable even at 3% salt level in the growth 
medium (Yadav and Vyas, 1971). 
T11e resistance of Rk,~?obia to salts i: d c ~ ~ c n d r r ~ t  t r ,  t i ! ,  
type of salt. Ferseerr isolates were tolerant t c  r tdiur 
chlot ide, but suscept ~ b l e  to potassiun chlor ~ d c  arl6 
potassiun sulphate and sodiun sulphate; I u c c  rnc arb(: 
dhaincha isolates kcre tolerant to chloridcr ancl s~lpkstt: 
of sodium (Ethiraj et al., 1972). h'zyncs~un calts 
stimulated growth at lower concentrations ( .1% MgCl2) In 
R.trifolii whereas cowpea, gram, groundnut and guar st~zinr 
were neither st iniulated nor affected (Yadav and v y a s ,  1971; 
Ethjra j et al., 7 9 7 2 ) .  The growth rate of Rhirobia isolated 
from berseem, cowpea, gram, was lower at higher (>I%) s o d ~ u m  
chlolide concentrations (Gandhi and Vyas, 
1969). In R.trifolii there was a progressive decrease 
of growth with increasing salinity of the medium (Pillai and 
Sen, 1966). In fast growing Rhizobia the polysaccharide gum 
formation increased with increasing salinity (NaC1 0-18) and 
there was a variation in the capaclty to f o r n  gur ' ~ n r , ~  
: t l , l r r  in ~ r e s e n c c  c f  equal Z T O L : . ~ L  ~f L ~ , : ;  ; . . . ,  . I  
~ ~ r c , c i u c t ~ c ) r ~  of g u n  L q  a ctrain rial k ~ c  s nit; :  ~ r t  c)! & : i ! c t  : , ( -  
against excess salinity (Pillai and Sen, 1969). 
Bharadwaj (1972) reported that the inoculant strains 
should be isolated from the problem soils because the 
Rhizobia from normal soils could not do well in problem 
soils. But in 1975 he reported that he did not find any 
differences between native (collected from saline soils) and 
exotic strains (collected from normal soils) in terms of 
their growth as well as their symbiotic effici~ncy. 
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Ftc intlor n r  an(? Foughle) (1975) have reported a I educt ion in 
growth rates of R.trifolii and R.meliloti in the 1,rescnce of 
salt. Carr and D a l l a r d  (1979) found that a ctrainof 
R.trifolii war a t l e  to withstand a st~ort exposure to 
fert1li7e1 colutionc wit11 ECs in excess of 60mn1t1os/cm. 
Lauter et al., (1981) reported that the Rhizobial growth 
rate: h r ~ c  ~ n a f f c c t e d  t l y   odium chloride at 120171.: and only 
m c c i e  : a t c l y  d e ~  l c r r r t t i  L), 250rnI.7. Singleton et al., (1982) 
exanined the ~ f f c - c t  of salinity on the growth and survival 
of Rhizobium sp. in culture media and soil and reported 
that the yrowth of all strains and species tested decreased 
when the electrical conductivity of the culture medium was 
raised from 1.2mmhos/crr, to 6.7mmhos/cm or 13.lmmhos/cm. 
They further pointed that many strains of Rhizobium could 
grow and survive at salt concentrations which are inhibitory 
to most agricultural legumes. 
"nif" aencs  arc thougl!t to be associated with 
; : ' L  . I ?  . ; t  5 : -  r ;o t  k r ~ ( . ~ . r ~  k 1 . i t h i  I I , k  j ; . o k . j a i  
t 1 I .  ! ; 1 ; : : : .  ,:' 2::c.c lz . tc .d  o :  r , c , t .  Fi;! rc.c.cr,:  
reports s u g q e s t  that in case of lentil isolates salt 
resistant strains were shown more resistence to antibiotics 
also (Rai, 1983). It is well known that in general 
antibiotic resistance is associated with plasmid . So it 
seems that there is a possibility of salt tolerance 
assoication with the plasmid an2 if it is so, it may be a 
se~ious barrier to improvement of the efficiency of 
symbiotic nitrogen fixation in areas of saline soils by 
Ivacjc 1 4  
z d i i p t i n g  s a l t  r e : . i s t a n t  r u t a n t :  n f  c f f c ) c t i \ c  mizobiun.. 
2.3 .  SALT TOLERANCE I N  LEGUMES 
E v e n t k l o u ~ )  I coumes  a r e  c o n s i d e r e d  t o  b e  s e n s i t i v e  t o  
NaCl t t e r e  I c  a l a r y e  v a r i a t i o n  among g e n e r a  and  speciee 
( R e r n s t e i n ,  1 9 6 4 ) .  L u p i n u s  l u t e u s  c a n  t o l e r a t e  u p t o  100mK 
NaCl a n d  t h e r e  i s  a n  I n c r e a s e  i n  t h e  f r e s h  and  d r y  w e i g h t s  
o f  t h c  f n l i a a c  f t o n  5 0 n v  t o  <100mY haC1.  So i t  c a n  bc 
cclnr i d 6  r cad a r  k z l t  r c c l z t a n t  . P e a n u t  ( A r a c h i s  h y p o g a e a )  , 
c l ~ i c k y ~ t a  ( C i c e r  a r i e t j n u m )  , s o y t l e a n  ( G l y c i n e  max) c v .  
' J a c k s o n ' ,  b e a n s  ( P h a s e o l u s  s p . )  a n d  p e a  ( P i s u m  s a t i v u m )  a r e  
m o s t  s e n s i t i v e  t o  s a l i n i t y .  W h i l e  L u p i n u s  a n g u s t i f o l i u s ,  
t h e  c l o v e r s  ( T r i f o l i u m  a l e x a n d r i n u m ) ,  s o y b e a n  c v . ' L e e l ,  
a l f a l f a  a n d  P h a s e o l u s  c o c c i n e u s  a r e  s a l t  t o l e r a n t  ( L a u c h l i ,  
1 9 8 4 ) .  B u t  S h e l v e 1  e t  a l . ,  ( 1 9 6 9 1 ,  n o t i c e d  t h a t  i n  p e a n u t s  
( A r a c h i s  h y p o g a e a )  s a l t  t o l e r a n c e  was  more  d u r i n g  
g e r m i n a t i o n  t h a n  s u b s e q u e n t  g r o w t h  a n d  h e  o b s e r v e d  50% 
r e d u c t i o n  i n  g e ~ n i n a t i o n  a t  13mmhoe/cm.Ece . ,  a n d  s e e d l i n g  
deve!cpnlcnt  a t  7 . 2  ~ . . r~ t i c r r / cn .Fce .  ITr r c p ~ r t ~ c '  t t i C  t f c  \:l(!C: 
! : \ I  . ' C  1 . t  . ,  4 . -  1 ,  ! L C r  & 1 
.71 ! , ( .  ' C I  . I t t : , (  t i  ( ! t  U'L [ : ~ l , < , . , C l .  L C  
( B e r n s t e i n  a n d  A y e r s ,  1 9 5 1  c i t e d  f r o m  J a n a  a n d  S l i n k a r d ,  
1 9 7 9 . ) .  R r o a d  b e a n s  ( V i c i a  f a b a )  was  n o t  s e r i o u s l y  a f f e c t e d  
a t  8mmhos/cm E . c e . ,  ( A y e r s  and  Edward ,  1 9 6 0  c i t e d  f r o m  J a n a  
a n d  S l i n k a r d . ) .  I n  cowpea  and  mungbean ( V i g n a  a u r e u s )  NaCl 
r e t a r d e d  g r o w t h  .Roo t  g ~ o w t h  o f  mungbeans  s e e m s  t o  b e  m o r e  
s e n s i t i v e  t h a n  t h a t  o f  cowpea ( B a l a s u b r a r n a n ~ a n  a n d  S i n h a ,  
1 9 7 6 ) .  
In soyt,r.an signif jc.arit vat ietal d i  f f c ~  en(-t: t c : r i t  
stress were noticed and in this case therc w e r  no a! l [ : s r -cn t  
relation between the salt tolerance dusinq gernirist i o r ~  a r ; 6  
later growth phasvz: (Abe l  and Mackenzi~, 1 5 6 . 1 ) .  Salt 
tolerant varieties cont l c , !  the chlor ide accun.L:lr:t i o r ~  irl 
shoot, whereas the rusceptable ones accuntuls t e 2 il r q c  
quantitiez in thejl r t l < ~ o t r .  Salinity i n c ~  e a s c c i  t k c  ~ c j c  t 
phosphorus contt>rlt i r !  Glycine (Catez, 1 9 7 0 )  ; tiict r kF.5. ; . r ~ .  
opinion that pk~ospt~oius r a y  be assocjsted with rn rchar i i r :n r .  
for controlling the salt entering the root:: and preventing 
it, especially the sodium, from passing to the shoot. 
Abel(1969) found that in Glycine the translocation of 
chlorides to plant tops is genetically controlled. The gene 
symbols "NCln and "ncln were proposed as the dor,inant for 
chloride excluders and the recessive for chloride includers 
respectively. He reported that the chloride includers 
develop severe leaf necrosis from chloride toxicity, whcrc;:~ 
the chlnr iuc. c . z c l ~ ! d t  r-.- t l c ' .  n i '  c c r , t c !  cm: I: . 
In lt.r,t I :  cc,~. :  d c : , . l  : c  c _ c r , t  t I C  I I 1 I : , t  
tolerance h a s  noticed (Jana, 1979). It war further 
demonstrated that the critical stages of salt s t r e s ~  in 
lentil are germination and initial seedling growth, and the 
seed yield of the salt tolerant lines decline beyond 
6-8mmhos. He found that salt stress had relatively less 
effect after flowering and the ~esponse of salinity greatly 
differed with the type of salt tested ( M g s 0 4 ,  NaCl, Na2S04, 
MgC12) at equal conductivity  level^. Lentil responds to 
rl,cscific ion toz:icit)~. Ge~minat ion and growth were most 
s e v t  r elp ir1hit;ited by MgSC4,  followed by MgC12. Jana (1979) 
c o n c l u d c ~ c ~  tkat it r r h y  he possible to select and grow 
:.uitat>le culti\~ars. of lentil in marginal or moderately 
salinc soils. 
In ccrtzin vzrictltr of Alfalfa (Medicago sativa) 
t c c t c d  thc avcragt \ ~ c i d  h a s  reduced to 79% of the control 
at 3000 ppn salt (hiaCl:CaC12) level, 60% at 6000 ppm level 
and 42% at 9000pprr level(l3rown and Hayward, 1956). Based on 
callus cultures Snlith(l9Al) reported that certain varieties 
of M.sativa as salt sensitive. T.fragiferum was considered 
a moderately salt resistant one. West etal., (1981)found 
significant cultivar differences in salt tolerance in 
T.subterraneum, and poor coorrelation between salt tolerance 
at germinat~on and later stages of growth. Russel(1980) 
tested the response of a number of tropical and temperate 
I F O I T ~ C ~  ~ C I  siilin~ty 2 r . d  f o u n d  Medicago sativa as the most 
i r ,  
 IT^. / r  - t ( ;  ( c ?  : c ~ c F ~ :  Macroptilium 
istk 1 r o i d c c  L n r  Macrcptlllun atropurpureurn h r e  almost 
e c ; u ~ t a l ~ n t  to ~.sativa in their tolerance. Desmod ium 
uncinatum and Trifolium semipilosum are considered to be 
least tolerant. 
In cowpea (Vigna sinensis) Paliwal and Maliwal (1973) 
found significant varietal differences to salt tolerance 
during germination and early growth stages. In case of pea, 
Cerda (1982) reported that a cultivar 'Durana' was a 
modtrately tolerant to salt stress and Sp-290 was a 
ncJc~atcl! c c r i r i t i v r -  o r ~ c .  I'c ~ c ~ c ~ ~ t r t '  ti,'-t t l c  k c r .  v ; i luc :  
for t k , ~  Sp-290 and 'Durana' cultiva~s k c r c  respcctivclq 2.5 
and 4 .,5ds/m. 
In pigeonpt 3 (Ca janus indicus) Pal ihal anu ELI 
(1973) notlced slgniflcant varietal difference: to salt 
strczc durlno qr,rn lnat~cn and car11 ~tagcr of g r o w t h .  F;:c(J 
on f i e l d  scrc~nlnq F a o  et al., (1981) repnttcd tt~zt 
plceonpfa c c r ~ o t y p c :  I C I '  7623, I C P  7118, I C I J  71b2, 1CP 7 0 3 t ,  
ST 1, and Atylosia scaraboides showed better survival ttiar 
the tolerant ztandard bariety C 11 under salt stress 
cond~tions. Gururajarao et al., (1981) reported that 
germination and seedling growth of ICP 7035 and TCP 7065 
showed a high degree of tolerance to 0.4% (NaCl+CaC12). In 
pigeonpea, NaCl induces succulence and other anatomical 
changes bq increasing the palisade and sponge parenchyma 
tissues. lt  was also associated with reduced dinienslnnr of 
I ~ t z r c l  l ~ r  c  an? ~ncrrared tl ickenlno c , f  t be vcrsrl 
1 '  , , ,  . ! I f c :  L ' i ' 1 -  C C  C ? f  
< [  A L  1 t J <  L V / (  F C C  L7r (; PCI< 1 - ' . 
Salt stress lowered the leaf area (Rao and Ran, 1981) 
reduced the stomata] frequency, reduced stomata1 opening, 
deranged pigment composition and lowered the activity of 
Ru-Dp carhoxylase leading to a reduction in photozynthesis. 
Deshpande and Kimbalkar (1982) reported that under salt 
stress conditions the rate of translocation of 
photosynthates from the leaves to the other plant parts war 
affected. lauter et al. , (1981) reported that in chick~.~a, 
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: . 4 .  SYMBIOTIC NITROGEN FIXATION UNDER SALT STRESS CONDITIONS 
Salt stress may differentially affect each p!lase of the 
legume-Rhizobium symbiosis: a. Rhizobial survival and 
growth in the rhizosphere of the host, b.Rhizobial infection 
o f  the host root hair, c .  nodule initiation and 
development, d. nodule functioning (nitrogen fixat ion) and 
e. growth of the host legume in general. Distinguishing 
which phase is primarily affected may not be easy due to the 
close interdependency of these phases. 
The symbiotic susceptibility to salt stres is not a 
generallsed phcnon~enon, it baries from host to host. Tn 
Prosopis tamarugo 111[ 1 ' I  s a s  not affected even at 
3.6% NaCl level. Singh et al., ( 1 9 7 2 )  reported that faillng 
of the initiation of nodules in lucerne was mainly due to 
the abortion of the infection threads under salt stress 
conditions. But Lakshmi kun~ari et al., (1974) found that 
salt stress suppressed the root hairs and the mucilaginous 
layer, leading to the eljrnination of the rhizospherc aiid 
infect ion thread iorn~at ion resulting in I ~ d u c e d  numbct of 
nodules. Tu (198l)attributed the failure of soybean to 
nodulate at high salinity to decreased Rhizobial 
colonization, and shrinkage of root hairs. Singleton and 
Bohlool (1984) reported that in soybean the early processes 
involved in nodule initiation w c r p  extremely sensitive to 
even low concentrations of NaCl than nodule function and 
development and probably due to the salt sensitivity of root 
infection sites. 
Howeve!, the r€s[~on:c- to s & l t  s t l e r r  or! noci : : lc! t ion,  
nitrogen fixation ancl 910htt~ differs wittt legunc r [  c t  i c : .  
NoduIat,ion of alfalfa w k r :  I elatively re~istant to s a l  l r i i t ~ .  
(NaCl), whereas nodulation of soybean was revcicl\. 2 f f c . c . t t i .  
by salinity (Rernstein and Ogata, 1966). Diffetenccr wcrt, 
also found between cowpea and ii,ungt,ean with t es~lcct t < ,  
nodulet ion and nitrogen fixation, (FaIasut~;:nrr~jhri c - !  c; 
Sinha, 1976) as mungbean was ntol e s,~,nzit v c  ttian cclbj  t a .  I r ,  
case of berseem (Trifolium alexandrinum) salinity (1;sCl) did 
not affect the nodulation and the yield of plants increased 
with salinity up to 0.5% NaC1. InVicia faba though salinity 
(NaC1) S ~ p ~ r e S s e d  the nodule number, the nodule size was 
increased(Yousef and Sprent, 1983). 
Several studies have emphasized that the main effect of 
salinity on nitrogen fixation resulted iron1 salt injury to 
the host. Nodules themselves effectively excluded Na and C l  
(Wilson, 1970). In ccoghcarl tt~e rt36ucrl r ~ i t l c , o c n  f ~ r c t  r r  
~n6rr : r ! t  F t r c : :  C O t i (  t j ( t C  I 7 - 1  d < L  + 
~~l~otoz}~ltt~esic (Slnqlitcr ! * I  ( (  , . 
The symbiotic susceptibility to salt ctress also varies 
between salts. In case of lucerne 0.7% NaCl totally 
supressed the nodule formation id. plants were totally 
devoid of nodules, In case of KC1 and MyC12 (Singh et a l . ,  
1973) successful nodulat~on or symt~iosis was possitlc up to 
1% salt. Eventhougkt lucerne could tolerate upto 3% NaCl, 
nodulation was affected from 0.4% NaCl onwards with a 
rrlaximum affect at 0.7%. This resulted in total cupy~rezrior~ 
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1 t $ 1 .  1 ' I  ~t ~ ~ p e z ~ b  that tt~e degree of salinity 
condoc1:c  f o r  qood nodulat ion is d c f  initely different fron 
k c  11,n  !ts of  t c ~ l c  ranct of Rhizobium ant! the hoct 
r e r p c c t  lvcly. 
IT, s ~ v e r a l  gcnotypc:. of Vigna r a d i a t a  inoculated with 
Rhizobium, nodcl??jor w s c  not affected at saljnjty levels 
w t i i c k i  i : r c  c > t k c ~ ~ l : t  critical for the li3a11t c2lohtk1 (Rai and 
P I  a s s 6 ,  1 9 8 4 )  . Tkic: synit~iot ic behaviour c)f  a native 
Rhizot~ial 5ti;:in (collected from the saline soil) need not 
be superior than an exotic strain (collected front the norpal 
soil) (Bharadwaj, 1975). 
So the syrrbiotic susceptibility to salt stress is not a 
generalised phenomenon and it may vary from host to host. 
In case of lentil under salt stress, significant 
interactions bctwe~n Rhizobial ctrains and genotypes 
r e c u l t c d  in a different i a i  response of nitrogen fixation 
' f *  : <  ( :  ' .  

3.1. SCREENING RHIZOBIA FOR SALT TOLERANCE 
1 4  R h i z o b i u m  i r o l a t e !  a t r lc  t o  n o d u l a t e  p i g c ~ o n p e a  wr r c  
u s e d  t o r  t l i i z ,  :t u d y .  The  c ) r i g j n  a n d  t y p e  o f  q r o w t h  on  y c a ~ , t  
e x t  1 a c t  n , s r i r l i t o l  (YEN) a g a r  p l a t e s  a r e  g i v e n  i n  T a b l e  1 .  
T h e  c u l t u r e s  w e r e  ottai r . c 6  f r o n  p i g e o n p e a  R h i z o b i u m  c u l t u r e  
c o l l c c t j n n  o f  P u l c c !  ~ i c r o t i o l o g y ,  ICRISAT, P a t a n c h e r u ,  A . P .  
5 C 2 3 2 4 ,  I n d i ; : .  I a r c .  a l l  e f f e c t i v e  i n  f i x i n g  n i t r o g c n  
h i t 1 1  ~ \ i ~ c , o n y ~ t , . :  ar16 r c ~ ~ r c , r ; ~ n t  d i v e r s e  l o c a t i o n s  a n d  s o i l  
t y p e s  ( r l c r n ~ a l  a n d  : ,a1 i n e )  . F.11 c u l t u r e s  w e r e  main ta i r -16 .6  on  
y e a s t  e x t r a c t  lrlanni t o 1  a g a r  s l o p e s  ( V i n c e n t ,  1 9 7 0 )  . T h e  
C o m p o s i t i o n  o f  YEM ( g / l i t e r ) :  r n a n n i t o l  1 0 . 0 ,  K2RPO4 0 . 5 ;  
MgS04  7H20 0 . 2 ;  NaCl 0 . 3 ;  Y e a s t e x t r a c t  0 .5 ;  a g a r ,  1 5 ;  
d i s t i l l e d  w a t e r  1000m1,  PH 6 . 8 ;  C o n g o r e d  a t  t h e  r a t e  o f  
l O m l  o f  1 / 4 0 0  a q u o u s  s o l u t i o n  p e r  l i t e r  o f  y e a t  e x t r a c t  
m a n n i t o l  a g a r  medium w a s  u s e d .  
Y e a z t  e x t r a c t  m t n n i t o l  a g a r  mrdjum w i t h  d i f f e r e n t  K a r l  
- c  , ,  ' 7 1 , . , C.[ i ,  : ' $ ,  - ' 5 ,  ! +  , v ,  
I ' ' 1  L '< . ' * [ L 2 . - c , ,  , <  " j , .  I 
i 1 .  1 1  ' t t ~ l l i . ~ t l o r ,  t11t 'IEA n ~ e c i l u n  an~erideci w l t b  
K a C 1  w a s  p o u r e d  i n t o  p e t r i  p l a t e s  a t  t h e  r a t e  o f  20 m l / p l a t e  
a n d  a l l o w e d  t o  solidify. A f t e r  s o l i d i f i c a t i o n  a  l o o p f u l  o f  
y o u n g  g r o w i n g  c u l t u r e  t a k e n  f r o n ~  t h e  g r o w t h  o n  YMA s l o p e s  
w a s  s t r e a k e d  a n d  i n c u b a t e d  a t  27C. T h r e e  r e p l i c a t e  p l a t e s  
w e r e  uscc l  f o r  e a c h  t r e a t m e n t  p e r  R h i z o b i u m  c u l t u r e .  
O b s e r v a t i o n s  on  g r o w t h  a n d  c o l o n y  s i z e  w e r e  r e c o r d e d  a f t e r  3 
d a y s  f o r  f a s t  g r o w l n g  c u l t u r e s  a n d  a f t e r  7 d a y s  f o r  s l o w  
g r o k i n g  c u l t u r e r .  F o r  r e c o r d i n g  c o l o n y  s i z e ,  w e l l  i s o l a t e d  
i 3 b l e : i .  S r i l i a  2nd ;r:rth c h a r a c t e r i s t i c s  c i  E h i z ~ b i u ?  r : l t c r e s  x e d  4.r salt  t c ! e r a r c e  stsdv 
3!, 3 i : z b i c a  Legu".e hss! 3 c i l  t y p e  Grcrth cn YEH S c u r c e  
' lo .  agar  p l a t e s  
; I F ?  * .  
~ ! < E I c : c ? ~  !;! i n e  iC;!;AT, 3vderaSad 
? I!+ i;fl F igoanpea  311 i n2 F IC;I!$T. H ' d e r a b i d  
ISF ?$ E?~Sar.ir 3a l in :  r ICciSdT, l !!~lerabtd 
l! F! F; j;~:;ea iX1, New C e l b i  
12 IY? :5 3: gac~;2a Elark 5 2 i 1  5 ICfi!SAi, Y y d e r a i a d  
1 4  ! p  195 Ci;%cnz?a R.4 sci! S IC2IS2?d, Hyderahad 
a = N o t  bncrn; b - F ,  iast g r g r e r ;  ! = Redium g?c#er: S = S!c# g r9 : i e r  
P a g e  2 5  
colonies were  u s e d .  
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3.2. screening pigeonpea genotypes for ealt tolerance 
29 pigeonpea genotypes were used for the present study. 
These are breeders promising lines and presently in 
multilocational field tests under the All India Coordinated 
Pulse Improvement Project. They represent early, medium and 
late maturity groups. The details of pedigree, origin and 
maturity group are given in Table 2. 
Pigeonpea seeds were surface sterilised with 0.2% HgC12 
solution for 5 ninutes, then washed with sterile and 
deionised water ten times. The growth pouches manufactured 
by Scientific Products, 1210 Leon Place, Evanston, Illinois, 
USA, were used in this experiment. They were sterilised as 
per the instructions of the manufacturer before use. The 
growth pouches supplied with 20ml of Arnon's nutrient 
solution ammended with NaCl at OmM, 30mM, 60mM, 90mM, 120mM 
concentrations were arranged in growth pouch racks (E'iq.1). 
The composition of Arnon's nutrient solution is given in 
Table.3. S e e d c  were pl?ced in the cleft of growth pouck, 
ten per pouch. 
The experiment was laid as split plot with salt level 
as main treatment and genotype as subtreatment replicated 
three times. The nutrient solution containing 20ppm 
nitrogen as ammonium nitrate was sterilised and added by an 
automatic syringe as and when required. The racks with 
growth pouches were incubated at room temperature (27C) for 
7 days after which they were transferred and kept in a glass 
1 2 9  ? e d i ~ r e e ,  .;tl+r'ik: a n j  : r l ; i a  5 :  ?i;ecn?pd ccc:f::esi : :e l  icr f c r  s ? l t  t o i e r a n c e  




L 3 t ?  
' e l :  ,:a 
I 
i d : ?  
L?!? 
W;i? 
y e , j i ~ ;  
*t!i:? 
M , d i , , -  
... L .  
'% j ;Y :  
Yed!;: 
!211.'? 
E l r  i  y 
: ! ed iu~  
Ear i  y 
!ste 
r e d l  :3 
i . 5  : EFFECT OF SALT (NaC1) STRESS ON SHOOT DRY MATTtin @ION6 
PIGEONPEA GENOTYPES (21 DAYS AFTER SOWING) 

Cohpsi  ----- tiori of Arnon's nu t r ien t  solution for  p o t  ex1 cr11,cnts 
- 
-- - . - - in Pu1se~licrUF;iolog~.  ---. 
( T h i s  replaces Xcnding's nu t r i en t  solut ion : r .c . f .  
15--5-1981) 
Cornpo und I?(]/ 1 for  stock s o l u t i o n  
(11 1 
1. F ~ C ~ / ( ~ 0 ~ 5 k i ~ 0  
( F e r r i c  Ci t rd te )  o r  
(FeC1 3) ( l ! j )  ( 1 5 )  
Fer r ic  C i ~ l  or i  d e  O- 
5 '1 \a .. CL \ ..D -1 f i  I I C - - ( \  [ A  .. 
To in<~kc  1 1 i tre of nu t r ien t  so lu t ion ,  take s t o c k  t;olution ; lo .  1 , 19 n;;, 
i.b.2, 10 1 2 1 ,  i k l . 3 ,  1 iril. : :o.4,  1 ~1 <lnd a d d  to  10Cr) ,nl of c!eioriistld rr'at.:r 
Arnorl, 0 . 1 .  1Y3J. :,ficro el en!c.r~ts ill C U ~  turc sol  utiarl exp$ril.:u!nt :./i th hiqtifr 
p lan ts .  11ii~r. (1. B u t .  L"5:322-325.  
t~ousc for 14 deyc w t ~ r r c  t h e >  d a l  and night temperature:. were 
around 29C and 23C respectively. 
~ ' n  3rd and 5th day a f t e l  robin?, the number of sped% 
germinate2 w s s  counted. On 7th day the growth pouches wcre 
wraped with a thick papcr to prevent liqht falling on to the 
I O C J ~ S .  On 11th d z y  t h e  total number of seedling. 
e :  tab1 I shed wc 1 I in eectl ~,nuc.ll wer e counted and the I. lant s 
ker  e tkiinn~.d to leave 4 ller pouch, which represented the 
najority of the seedlingc in the respective pouch. 
Three weeks after sowing the plants were harvested, 
separated into root and shoot and kept for drying at 70C for 
two days. The dry weight of shoot and roots were recorded. 
Since the samples were too many to handle on a single day, 
they were harvested replication wise; first replication on 
21st day, second replication on 22nd day, third replication 
on 23rd day. All the results were statistically analysed. 
fcr t l  c c j c  r n  i r , a t  ; c n  r r  r7 c :  t d L  l ~ ~ h n c n t  otzervet ion> the 
: t t k c  I c : u t  ; t ~ t c c l  ? r  Tnqalar t r tir.cfornlat lonr G e f t  K C  
analysis to equalise the variznce. The salt effect on sl~ont 
and root dry patter of pigeonpea genotypes was evaluated by 
compariEon (ratio) with the respective control ie., O m M  NaCl 
treatment. 
3.3. POT TRIAL ON THE EFFECT OF SALT ( N a C l )  STRESS ON 
G R O h T H ,  NODULATION, N I T R O G E N  FIXATION AND PHOSPHOROUS UPTAKE 
BY PIGEONPEA 
Four pigeonpra yenotypec - ICPL 358, TCPI, 332, C 11,  
ICPL 227 which variccl in their response to salinity in 
q l n w t l l  I J O U C ! ~ ~ :  , F C  r e  I I C ~ C ;  f c r  this study. 
Two ~ ~ i g c . < ) r : ~ , e i ,  Rhizobium s t  rains, namely, 1 H P  100 and 
IHP 195 t cfftctive with pigeonpez but different in 
growth characters werc used. 
Six salinity levels (OmM, 15mMI 30mMI 45mMI 60mM, 75mM 
of NaC1) were tested in the present experiment. 
Seven inches diameter polypropylene pots washed and 
steamed for lhr were used. The culture medium consisted of 
sand:vermiculite:grit nixture ( S V G )  in the ratio of 1 : 2 : 2  
(Volun~e basis). Sandr ~ern~iculite and grit were washed 
: t :  I :  ! . ,  , !  i : : .  tr . :  v . ; ! ( :  t c  1 c ! , r T . c  t c : < ~ t  + : / '  
I , . (  , i -  ' ,  . , . . , . 
. , ,  , . .  I ~ - 3  , ;  ,,, L (  ; (  : f  1 ; ; )  : : I : , .  ? ! , (  y;:,- y < : - :  - 
was sterilized t ~ y  autoclaving at 15lb/sq in. pressure for 3 
hour. After cooling, t h e  SVG medium was filled in the pots 
at the rate of 2.5 Kg per pot. 
Pigeonpea s t , cd :  b e r e  surface sterilized with 0.2% HgC12 
acqueous solution for 5 minutes, washed in several changes 
(at least 1 D )  of sterile and deionised water. The seeds 
wele then inoculated with a slurry of peat cultures of IHP 
100 and IHP 195 separately using methyl ethyl cellulose as 
an adhe~ivc . !?cat incli.~1;ir t :  a Rhizobium 1 @ : ) ~ l :  t I C ~ I I  t f 
5' 
atrout 10 crlls/g. of ~noculant. The tr ~ a t ~ d  sccd CL.! r l c > i l  
about ,lo5 Rh~~ok~la/sccC ar;d bas sowri in pots a t  n con: t 3 r . t  
depth of 2cn) at the r ; t e  of 7 reeds /pot. 
The design of the experiment was a split-split plot 
with salt level as rrrair~ plot, pi9eonpc.a genoty~~c ac. suby~lot 
and Rhizobium st rain sf. i; ,c.~~t-l-~vt)-plot and r c p l  jcatccj t t i r  c - c  
times. The expe r  inlent was conduct c d  i r :  z t crnpc~ ;:t 1 . 1  c 
control led g l  irr>:; house wklerc the day and night temperature: 
ranged 27-30C a n d  20-23C respectively. On 14th day after 
sowing the seedlings thinned were to leave 4 per pot. 
Arnon's nitrogen free nutrient solution prepared with 
dejonised water and amended with different levels of NaCl as 
indicated above was used for watering the plants upto 24th 
day after sowing. The pots were maintained at 70 percent 
waterholding capacity of the growth mediun. The pot: b c l c  
fl~!tcci 1 h : t l  r . c c 0 .  b d t f  t i c  ; c i 1 e c t A x <  
r + 1 f 7 '  , ( f + '  - ' I . ,  ' 1  : ' t  ; c - c \ l T  L I ? ' -  I' . 
On 55tk1 day, t h e  plarit~ groblr~g palticularly at salt l e v c l z  
30mM Nacl and above looked sick probably because of salt 
toxicity. Hence, the pots were flushed through deionised 
water for a week. After this, half strength hrnon's 
nitrogen free nutrient solution without NaCl was used till 
45th day. 
A t  Ila~vest, 46th day after sowing, dead plants in each 
pot were counted . Healthy plants height meac~irecl. Plant 
r 1 1 c c . t  ha: cut witk~ a secature and leafarea was measured with 
the h c l p  of an auton~stic leafarea neter Model no. 1,13100 
( r a d e  b y  L J C O H ,  U S A ) .  
Tkle nodulated roots were carefully rerrovcd fron the 
k l c ~ t r  and acszyed for nit logenarc activity by acet} lenc 
reduction technique (Dart et al., 1972). The excised roots 
and nodules were placed in 3 glass container of 300ml volume 
and with a rubber septunl fitted in the lid. After a 30 min 
incubation in a 10% atmosphere of C2H2 at ambient ajr 
temperature in the glasshouse, a 5.0ml gas sample was 
removed and stored in pre-evacuated lOml Venoject tubes 
(made by Terumo corporation, Tokyo, Japan). The sample was 
analysed for ethylene (C2H4) on a Pye Unican 104 gas 
chromatograph fitted with a flame ionization detector and a 
al??: column 1 5 0 ~ 1 ~  long and 0.6cm O . D . ,  p a c k ~ d  h : t I ,  P o r a r a k  
t . : . ' c r ~ r ~ i t ~  1 6 .  c f  thc ga: C L  , i -  c t t c : , ; .  : :(I(!. 
u r , c ,  : t l r  i c :  I 1 c r  q ~ r  ( h 2 )  flow rate 4F I l / n l n .  
After the acetylene reduction assay, roots and nodules 
were cleaned of adhering sand: vermicu1ite:grit mixture by 
washing in water and the nodules separated and counted. 
Plant shoot, roots and nodules were dried at 70C for 48hr, 
weighed and finely ground by Cyclone mill (made by UDY 
corporation, Colorado, U S A )  for chemical analysis. The 
fallen leaves were collected from time to time and included 
for observations. 
Chemical analysis of plants for nitrogen and 
phosphorous: 
Plant parts - shoot, roots and nodules were ar,?l:..cc: 
separately. All the three replicate samplez bere poolec? zn i .  
anslysed. IOOmg of dried sample was digested by adding 4 r 1 .  
of concentrated sulphuric acid containing 0.5% ( W / V )  
seleniurr a n d  lir-ating on the hot plate of rlicroKjclda} I 
digez t i o r ~  apparatus. After digestion, the sample b a s  
diluted by making upto 75ml with distilled water. 3ml of 
this diluted digested sample was fed to the Technicon 
Autoanalyz~r I1 (nranuiactured by Technicon Industrial 
systems, Tarrytown, New York) and analysed for K and P 
contents. 
Principle for Phosphorous: 
Determination of phosphorous utilizes the reaction 
between phosphorouc and molybdovanadate (sup~lied duri~~: 
 anal:^ 1: to f n r n ~  a phosphovanadate con~plc-r, w l i l c i  c c r  
n t a ~ u r  c d  cc lorctr 1 c a l l 1  at 420nm. (method f ron : T e r l , r , : c  ! r ,  
Autoanalyser Industrial method no. 144.71A) 
Principle for Nitrogen:(Kjeldahl) 
The quantitation of ammonia is achieved utilising the 
Berthlot reaction in which the formation of a blue 
indophenol complex occurs when ammonia is reacted witkl 
sodiurrl phenate followed by the addition of sodiuni 
hypochlorate. The quantitation of indophenol complex was 
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n ' f  a ~ u r e d  b y  c a l c ~  i r ; c t  t81 a t  630nrn. (method f ror, Technicon 
F i u t o a n a l y z e r ,  1ndustri;l rnethod no. 218 -72A)  
Statistical analysis: 
T h e  d a t a  was ana lyzpc i  o n  t h e  VAX 1 1 / 7 8 0  computer using 
C:F:NSI'AT pr og r an8me. 
4 .  RESULTS 
4.1. SALT TOLERANCE AMONG PIGEONPEA RHIZOBIA 
T h e  response of piyeonpea Rhizobia to different lev€ 1s 
of NaCl in the yeast f-rtract niannitol agar n~edium(Yln,h), I s  
presented in Table. 4. Significant variation in tolerance 
to salt was observed among pigeonpea Rhizobia. Jn fast 
growing Rhizobia Viz. I F P  24, IHP 506, IHP 100, IHI' 70 and 
R D N - A 2  t h e  s a l t  tolerance limit ranged between 1 n n d  5% 
NaC1, while in slok growing Rhizobia Viz. IHP 484, THP 87, 
IHP 213, CC 1, JHP 69, F4, IHP 35, KA 1,and IHP 195, it 
ranged between 0.25% and 1% NaC1. 
Among fast growing Rhizobia, IHP 24 was able to grow 
upto 5% NaCl with little change in colony size. Further 
studies (data not presented) revealed that it could grow up 
to 7% NaCl in the YMA medium-the growth at 6% was similar to 
growth at 58, while at 7% was greatly reduced. Strains IHP 
100 and IHP 506 could grow normally upto 2% NaC1, whilc the 
~ r c ) \ i t I l  ~t 38, 4F 2 n d  5 %  K6C1 consisted of spa13 C C ~ ~ C ~ I ! ~ ~ : .  
S t  : - i : i n r .  ] ? i i ,  70 ;n? i'!:!;-F.2 ( : r  t . v  r i o r n ~ l l y  u11to 1% P.':C! 1 ;it 
could tolerate up to 38 NaCl as evident by faint growth. 
Among slow growers IHP 484 was able to grow upto 1% 
NaCl while at 2% NaCl only faint growth was seen. Strains 
IHP 87, IHP 213, CC 1, IHP 69, IHP 35, and KA 1 did not grow 
at more than 0.5% NaCl while strains IHP 195 and F4 could 
not grow even at 0.5% NaCl in YMA medium. 
Fhl:abiu? s t r a i n  
ICF 21 
I E P  5.2; 
IEC 




Y a i !  ( I !  
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In general, the strains ability to tolerate NaCl in the 
growth medium seemed related to their growth character. 
Fast grow&rs were able to tolerate NaCl more than the slow 
growers. We did not notice any major difference between 
native (isolated from saline fields) and exotic (from normal 
soils) rhizobial strains in their salt tolerance. The most 
tolerant Rhizobium strain IHP 24 was isolated from the 
normal soil. 
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4.2. SCREENING PIGEONPEA GENOTYPES FOR SALT TOLERANCE 
4 . 2 . 1  Effect on seed germination: 
The germination of pigeonpea genotypes was retarded and 
delayed with increasing level of salt (from 0 to 120mM NaC1) 
in the growth medium (Table.5 and 6; Fig.2 and 3). There 
were differences among genotypes in ability to germinate at 
a given level of salt. 
At OmM salt level, the mean germination of pigeonpea 
genotypes was 81% with a range between 59 and 90% on 3rd day 
after sowing. Two days later ie. on the 5th day after 
sowing, the mean germination was 83% ranging between 64 and 
90%. At 30mM salt level, the mean germination of pigeonpea 
genotypes was 90% (range 60-115%) on the 3rd day and 91% 
(range 70-115%) on the 5th day after sowing compared to the 
respective controls at OmM NaC1. In genotypes 11 and 17, 
the germination was slightly stimulated at 30mM NaC1. 
P.t  6C4ri,?' r > z C l  ! c v c  ! , t h c  m a r .  g e r c l i n e t  ior,  of p i q ~ o n p e a  
genotypes was 59% (range 20-85%) and 75% (range 45%-115%) on 
the 3rd and 5th day after sowing respectively compared to 
the control. Germination though delayed was stimulated in 
genotypes 6 and 8. 
At 90mM NaCl level, the mean germination of pigeonpea 
was 44%(range 10-83%) on 3rd day and 69% (range 45-100%) of 
the control on 5th day after sowing. Although the 
germination of genotype 27 was delayed it did not appear to 
,i!! t 
Fiqi3;EFFECT OF DIFZIRENT LEVELS OF SALT (NaC1) STRESS O K  , .--, 
GERMINATION AMONG PIGEONPEA GENOTYPES (3 nAY8 AFTRR 8OWING) 9 E 
I 
GENOTYPES 
12OrFlg.3:EFFECT OF SALT (NaC1) STRESS ON GERMINATION AMONG 
PIGEONPEA GENOTYPES (5 DAYS AFTER SOWING) 
GENOTYPES 
ifect of salt(NaC1)stress on germination % among pigeonpea genotypes. 
, 
(3days after sowing) 
Geno- Cont. germination as 8 of control at 
t y p e .  (OmK) ------------------.......---------------------- 
3 0mK 6 0mM 9 0mM 120Mi 
........................................................... 
SE for control23.4 
If fect of salt (NaCl )  stress on qerrnination% among pigeonpea genotypes 
I 
(5Days after sowing) 
qeno- cont. germination as % of control at 
t ype .  ( O m K )  --------------------------------*-------------  
3 Om!: 60mM 9 0mK 12C1iJ: 
- - - - - - - - - - - - - . - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - w - - - - - - - - - . , - . .  . 
SE for control+3.6 
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be adversely affected at 90mK level. 
At l2,ClmM salt level the mean germination o f  l : j ( ; t ~ ( # r ~ l c a  
was reduced to 33% (range 5-609) on the 3rd day but rose t c '  
65% (range 30-100%) on the 5th day compared to the cont~ols. 
Only two genotypes, namely 16 and 18 had 100% germination on 
the 5th day while it was only about 45% on the 3rd d a y .  
4.2 .2 .  Effect on establishment of seedlings: 
The results of establishment of seedlings as influenced 
by salinity 11 days after sowing are presented in Table 7; 
Figl. The establishment of pigeonpea seedlings was 
adversely affected with increasing salt level. Though there 
were differences among genotypes tolerance at a given salt 
level, the performance was not consistent across the salt 
levels. 
At 30mM NaC1, the mean establishment of the pigeonpea 
seedlings over a13 geno types  was 89% (range 65-3351) 
corr~parc.d t c  t h e  c o n t r r l  t r c t t n ~ ~ l t ,  i. f i g u r e  v c r y  c l o ~ e  t c  
the percent germination observed 3 days after sowing. In 
genotype 171 the establishment of the seedlings was 30% 
greater than in control, an indication of the stimulatory 
effect of salt at low concentrations on germination as well 
as establishment. 
At 60mM NaCl level, the mean establishment of the 
seedlings was 60% (range 22-89%) compared to control. 
Genotypes 8 and 18 showed greater establishment than the 
ect  of Salt(NaC1) stress on establishment of seedlings among pigeonpea 
I 
qenotypes (11 days after soviny) 
yc-nc-  cont.  establishment as % of control at 
SE for Control+3.6 
Fig. 4 :  EFFECT OF SALT (NaCI ) STRESS ON ESTABLISHMENT. 





At 90mM NaCl level, the mean establishment of pigeonpea 
, 
seedlings over genotypes was 40% (range 0-80%) compared to 
control. Genotype 14 was very sensitive hence failed to 
establish, while genotypes 3 and 1 ranked top in 
establishment at 90mM salt jn the nutrient solution. 
P. t  120n1M salt level, the establishment of pigeonpea 
seedlings was poor, and the mean over c j c ~ ! c i ; v l c ~ ~  I,!;?: 
(range 0 - 77%) compared to control. Genotypes 13 and 14 
failed to establish, while genotype 18 was the best among 
others. 
4.2.3.  Effect on shoot dry matter 
The results of shoot dry matter of 29 pigeonpea 
genotypes as affected by different salt levels are presented 
in Table 8 and Fig.5. There was a significant decline in 
:kic)ot d r y  natter with i n c r e a s i n g  s s l t  ctncentration. There 
r r 1 t c i ; i f e rcnc .c :  a n o n g  5er1otypes in t o l e r s r ~ c - e  t o  ~aljnjty, 
howevel, they were not cvrisistent at all the salinity levels 
tested. 
At 30mM NaCl, the mean shoot dry matter produced by 
pigeonpea genotypes was 71% (range 54 to 120%) compared to 
control. The shoot dry matter was stimulated in only 
genotype 8 while in others it was reduced by 30mM NaC1. 
:t of s a l t  (~6Cl) stre::, on t h e  shoot  d r y  weight (mg/plant)among pigeonpea 
genotypes (21dayc after sowing) 
- - . - - - - - . - - - - - - . - .  . . . , . . . . . , . . . - - - .  . . , . .-. .". . . - .  , , - .  -, . . , , , , . , . 
g rno -  c o n t .  shoot  dry weight as  % of c c ~ t r c l  :t 
t1.1 c . (OclP;) ------ ------- - -  - - - - -  - - - - - -  -. --. - - .  . . . , . . , - 
3 Or:!:, 6 0n1R 9 0n,K 12 CrJ: 
------. - - .  . . . , , , . . . . , , . . , , , . , . .  . , . . . . . . . . . . .  , . . . . . .  
SE for Control24.6 
At 60mN NaC1, the shoot dry nlatter was further reciuced 
with' a mean of 38% over genotypes (range 4 to 75%) compared 
to control ., Genotypes 6 and 5 stood top producing shoot dr] 
nlatter about 75% of the control whi1.e 72% of the g e n o t y p ~ ~  
had produced shoot dry matter less than 50% of the control. 
At 90mM and 120mM NaC1, the growth of piqeonpea 
genotypes was very pc)or and the shoot dry m a t t e r  prnducc,c', 
was only 20% of the control. Though about 35% of the 
seedlings established lldays after sowing, they became sick 
showing leaf necrosis initially and drying finally because 
of salt toxicity. It appears that pigeonpea cannot tolerate 
NaCl beyond 90mM level. 
4.2.4. Effect on root dry matter 
The data on the effect of NaCl stress on root dry 
matter production of 29 pigeonpea genotypes 2ldays after 
sowing is presented in Table 9 and Fig.6. The data of the 
treatptr~t 1 5 0 1 r X  F:&Cl  was not included as the p l z n t c  dji not 
s u r ~ ~ t t  u ~ j t o  211124: a f t e r  sowing. Tk:c r o o t  611  11;ttcr 
decreased with increasing salt concentration. The pigeonpea 
genotypes varied in their tolerance to NaCl at a given 
level. 
At 30mM NaCl, the mean root dry matter produced over 
all genotypes was 74% (range 47 to 108%) compared to that 
obtained at OmM NaC1. The pigeonpeas that suffered most, 
with root dry matter less than 50% to control, were 
genotypes 2 and 6. In genotypes 15 and 26 the roots were 
Fig. 6 : EFFECT OF SALT (NaC1) STRESS ON ROOT DRY. LMATTLR AMONG 
PIGEONPEA GENOTYPES (21 DAYS AFTER SOWING) 
GENOTYPES 
80 
ffect of s a l t  (NaCl) st  ress on t h e  root dry w e i g h t  (mg/plant anlonq pigeonpea 
genotypes (2ldays after sowing) 
gerio- cant. root d r y  w e i g h t  as  C of ccntrc; c t  
type .  (CmK) ------..--------------.-------.---------. . 
3 0mP 60mM 90nY I 2 G rat;.; 
- - - - - - - - - - - - - - - - -  --------------. . . . . . . .  . . . * - . . - - - . - - - - - -  - - .  
SE for control~2.4 
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not as well affected as the shoot. 
A t  60mM NaC1, the root dry matter was significantly 
affected, with a mean of 36% (range 13-718) over genotypes 
compared to plants grown at O M  NaC1. In genotype 15 the 
reduction in root dry matter was far less than all others. 
Genotypes 2, 7, 11, 14, 22, 2 4 ,  25 were more susceptible to 
salt tf,ar~ others. 
A t  90mM NaC1, the root development was severely 
affected. The mean root dry matter produced over all 
genotypes was 23% (range 9 to 51%) compared to plants grown 
at OmM NaC1. Only 2 genotypes-9, 23 were found less 
susceptible than others. 
4.2.5.  Correlations between germination, establishment 
and plant (shoot and root) dry matter 
The results are presented in Table 10. Observations on 
germination of pigeonpea 3 d a } s  a f t e l  c o w i n g  were cc!rrclatrfi 
b e l l  with oerminatic~r~ c o ~ t r ; t :  c F d r . ) . ~  i r i ?  ~ ! a r , t  
establishment suggesting that early observatjons on 
germinating ability might reflect the plant's establishment 
11 days after sowing. Germination counts 5 days after 
sowing did not give any more information on plants 
establishment than that obtained by germination counts 3 
days after sowing. The early observations on germination 
were also correlated well with shoot and root dry matter. 
The correlations between establishment lldays after sowing 
and shoot and root dry matter after 2ldays were significant. 
' ? ? r : ~ ~ a ! i  :: Establ!sbaect 3 c c t  j r v  ? x t  d r ;  
( 5  ,jiys 3 / tz r  5 ~ i : : ~ ; i  ;!! I d y s  ~ i i i r  scwicgl weight a e i q h t  
4.3 .  EFFECT OF SALT (NACL) STRESS ON GROWH, NODULATION, 
NITROGENASE (ACETYLENE REDUCTION) ACTIVITY, NITROGEN AND 
PHOSPROROUS,UPTAKE OF 4 PIGEONPEA GENOTYPES INOCULATED WITH 
2 RHIZOBIUM STRAINS AND GROWN IN POTS 
All the 4 pigeonpea genotypes Viz. ICPL 358, ICPL 332, 
C 11, ICPL 227 germinated uniforn~ly a t  all the salt 
concentrations (0, 15rnM, 30mM, 45mM, 60mM, 75n1N N a C 1 )  
imposed from time of sowing. Till 15th day after s o w i r ~ g ,  no 
treatment effects either genotypic, or of Rhizobium strain 
or salt could be seen. On 16th day after sowing, initial 
symptoms of leaf necrosis appeared in all the genotypes 
particularly at 60 and 75mM NaC1. With time, the leaf 
chlorophyll bleached. At 60 and 75mM NaCl the severity of 
symptoms appeared relatively early in ICPL 358, and C11 
particularly those plants inoculated with Rhizobium strain 
IHP 100 but not IHP 195. 
Ry 24th day after sowing, none of the 4 c c r o t y ~ r s  
survived a t  60 and 75mM NaCl. G e n o t y p c ~  JCFL.  358 ;rid c 3 1  
did not survive at 45mM NaCl while the other genotypes ICPL 
332 and ICPL 227 partially survived at 45mM. The survival 
of different genotypes grown with salt upto 45mM NaCl are 
given in Table 11. The survival of genotypes ICPL 358 and 
C11 was not uniform even at 30mM NaC1. 
4 . 3 . 1 .  E f f e c t  of s a l t  s t r e s s  on pigeonpea growth 
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The leaf area of pigeonpea an indication of 
photosynthetic atiljty, as influenced by salinity is shown 
in Table 12: There was significant decrease in leaf area 
with increasing salt concentration up to 30mM. The genotype 
f i g .  7 & 8 
effects were also significant - ICPL 227 had largest leaf 
ares, while C11 had lowest leaf area, Rhizobium effects were 
f i g .  9 
siqr~jficant with IHP 195 inoculation leaf area was greater 
than with IHP 100. The salt level, genotypic interaction 
effects were highly significant with ICPL 227 showing 
greater tolerance at 30mM NaC1, while the others were more 
susceptible. 
The shoot and root dry matter of different genotypes as 
influenced by salinity are presented in Tables 13 and 14 
respectively. Both shoot and root drymatter were 
significantly reduced with increasing salt concentration 
upto 30mM, with severe reduction at 30mM NaC1. ICPL 227 was 
most tolerant upto 30mM while the others were susceptible. 
A t  45mM NaClr ICPL 227 and ICPL 332 was the only genotype 
that survived in some replications while the others did not. 
Inoculation with IHP 195 produced more dry matter than with 
IHP 100 suggesting that the former probably fixed more 
nitrogen at all salinity levels. This 5s rather surprising 
as the salt tolerance of IHP 195 was far less than that of 
IHP 100. Genotypic Rhizobium interactions were significant 
with a11 genotypes except C 11 producing more dry matter 
with IHP 195 than with IHP 100. 
F i g . 7  Effect of s a l t  ( 3 0  n@l NaC1) stress on the growth of f o u r  
pigeonpea genotypes, 45 days after sowing. 
Fig .8 .  Performance of ICPL 227 (tolerant a t  45 fil) and ICPL 358 
(susceptible at 45 rrlY1) at various salt levels (0, 15, 30, 
45 Wl), 45 days after sowing. 
F i g . q , E f f e c t  of knizobium s t r a i n s  ( A ,  IIP 100; L3, IHP 195) on the 
growth of  pigeonlxa genotype ICPL 358, gram a t  15 Wl, 30 rrl.1 
salt (NaC1) l eve l s  i n  the medium, 45 days a f t e r  saving.  
Sil! F;qeanpe~ ? e ~ g t y c e s  
treat- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  R ~ I Z G ~ I U P  
T ? I ~  ICFL :!3 lcr! C 11 IC:! ?27 stra~n 
( Y l C I  ; ------ ~ - ---- ~ 
]fip 1" I #  li5 *sin i ??  IN??  !?2n !I? l?n IN: 175 !can I" If.? IHP 155 l e z n  I F ?  140 Is? 195 rean 
' i5le:tg.E:ie:t :: :;it 'ijC11 3t:25j cfl r3g t  :T? k ? i g h k  !:;/p?ti ?! i c ~ r  ~;ljecn;e3 {enck:.pes ir;cl:ulaied irlth 
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The results of shoot height in cn t c k e r ~  at 11a1\ect arc 
presented in Table 15. The effects of saljnit) level, 
genotypes, ' Rhizobium st rains and salinity q e r ~ c ~ t y p i c  
interactions were a11 significant and the t I cnC: k t  1 t 
similar to those of shoot dry matter. 
4.3.2. Effects of salt stress on pigeonpea nodulation 
and nitrogenase activity 
The results of nodule number and weight of pigeonpea 
genotypes as affected by Rhizobium strain and salt stress 
are presented in Table 16 and 17 respectively. Increasing 
salt from 0 to 30mM had significantly reduced b o t h  nodule 
number and weight. There were significant differences 
between genotypes - ICPL 227 produced highest number and dry 
weight of nodules while ICPL 358 had least. Rhizobium 
strain effects were significant only in nodule number. IHP 
195 was sjgnificantly better than IHP I00 in nodule number 
L , u t  not in tot81 d r y  wcjqht c.f nodules. The c a l i n i t ) ~  
c ~ c , r . c t : ~ k  ; c  ~ n t c  1 2 c t  ion, telirlt!. ,rtl;ir i n t e ~ a c t i c ~ r  ( r i c c t :  
were significant in both nodule nunber and nodule weight. 
ICPL 227 was least affect t a d  1,: tOmM NaCl in both nodule 
number and weight khercas the other genotypes showed 
significant reduction at 30mM NaC1. IHP 195's ability to 
nodulate at 15mM salt was significantly better than IHP 100. 
Salt stress had no effect on nitrogenase activity 
measured a s  acetylene reduction (AR) activity per pot per 
hour (Table 18). However, genotype effects were significant 
T a S l ~ : ( S . E f i e ~ t  qf ; 3 l t  ( l iaf l !  stress cn shcc! heicbt !c: ipsi i  c f  i::r pi;eonpea gen?!~ces inccclated nith 
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with c 11 showing highest AR activity. The AR activity of 
ICPI,  358, I C P L  332 and ICPL 227 were low and did not differ 
 significant^'^  fro^ one another. In 1CPL 358 and JCPL 332 
the AF activity would have been greater if only the 
rep1 icat ions where the plants survived were alone 
consjd~rcd. Rhizobium strains did not differ significantly 
indjcating that I P P  100 and IHP 195 were equally effective 
in fixing nitrogen. The interaction effects of salt, 
genotypes and strains were not significant. The specific 
nitrogenase activity (SNA = AR activity/g.dry nodule 
weight/hr) data is presented in Table 19. The specific 
activity increased significantly with increase in salt 
concentratior,. There were significant differences in SNA 
among genotypes. ICPL 332 and C 11 had higher SNA compared 
to ICPL 358 and ICPL 227. Salt genotype interaction effects 
wele also significant. At 30mM NaC1, ICPL 332 and C 11 
showed largest SNA, while ICPL 358 and ICPL 227 did not. 
4 . 3 . 3 .  Effect of salt stress on N and P uptake by 
pigeonpei; 
The nitrogen content wag highest jn nodules (mean 
6.24%) followed by shoot (mean 3.10%) and roots (mean 
1.88%). 
Shoot nitrogen content ( 6 )  increased up to 30mM NaCl 
(Table 20). The N content increased significantly with 
increase in salt concentration even at 45mM NaCl in the 
tolerant genotype ICPL 227. Genotypes varied significantly 
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in N content with highest in TCPI, 358, while t t ~ r  ren: ir~incj 3 
genotypes had similar N content. Rhizobium strain: v a t i e d  
significantly in their effect on N content of shoot. I H P  
195 was more effective than IHP 100 in N fixation resulting 
in high N content in plant shoot. The  interactions between 
salt level, genotype and Rhizobium were not significar-t. 
In roots also the K content ( $ 1  was increased 
significantly with increase in salt concentrat ion in a 1  I 
genotypes and even at 45mM NaCl in the tolerant g e n o t y p e  
ICPL 227 (Table 21). In nodules the N content increased 
with increasing level of salt up to 30mM (Table 22). At 
45mM NaCl, the nodules of surviving plants accumulated even 
greater N content. Pigeonpea genotypes had significant 
effect on N content of nodules- ICPL 227 nodules contained 
the highest N of 6.7% while C 11 nodules contained the least 
of 5.83%. Strain effects were also significant as nodules 
formed by IHP 100 had greater N content than t i ~ c ~ z ) e  fornie6 by 
JHP 195. Thele \ a s  nc) interact j o ~  of salt l ~ \ . f ! ,  ~ 6 r . c  ? l i l t  
and Rhizobiun, strain in nodule K content. 
Phosphorous uptake 
The phosphorous content was highest in nodules (mean 
0 . 4 5 % )  followed by shoot (mean 0 . 3 9 % )  and roots (mean 
0 . 3 4 % ) .  
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In shoots, t h t  P content ( $ 1  inct e a r e d  s i q n j  f j can t  ly 
with increase in salt level above 15mK (Table 2 3 ) .  Neither 
genot yyws nor Rhizobium st rains and intr r a c t  ions had any 
significant effects on Y content of shoot. 
In roots also the P content increased with salt level 
and there were no signifjcant changes due to genotypes 
(Table 2 4 ) .  Inoculation bith IHP 100 resulted in increased 
P content than with IHP 195. It will be interesting to 
elucidate the role of Rhizobium in the P uptake by 
pigeonpea. 
In case of nodules the P content was considerably high 
at 30mM salt concentration compared to 0 and 15mM salt 
levels (Table 25). The P uptake was particularly enhanced 
in plants surviving at 45mM NaCl level. Among the genotypes 
ICPL 227, ICPL 358 and ICPL 332 took up significantly more P 
than C 11. It is interesting to note that P uptake was 
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5 .  DISCUSSION 
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5 e l *  SALT TOLEIiA [ICE AMONG PIGEONPU GENOTYPES 
Success fu l  a g r i c u l t u r e  on s a l i n e  s o i l s  r e q u i r e s  t h e  use  
8 
o f  crop v a r i e t i e s  t o l e r a n t  t o  s a l i n i t y .  Screening l a r g e  poo l s  
o f  gene t i c  d i v e r s i t y  and s e l e c t i n g  genotypes a r e  t h e  f i r s t  
l o g i c a l  s t e p  towards g e n e t i c  a ~ p r o a c h  t o  s a l i n i t y  . S a l t  
t o l e r a n c e  has  been r epor t ed  i n  c rops  l i k e  b a r l e y ,  wheat, r i c e  
(Eps te in ,  1977, Shannon, 1977, Akbar and Y abuns, 19'751, and i t  
has been p o s s i b l e  t o  t r a n s f e r  a  t r e i t  l i k e  s a l t  t o l e r s n c e  from 
t h e  wild s p e c i e s  t o  i t s  r e l a t e d  crop s p e c i e s  (Rush and Eps te in ,  
Pigeonpea i s  an impor tan t  grti in legume o f  t h e  semi-ar id 
r eg ions  where t h e  s a l i n i t y  problem i s  i n c r e a s i n g  every yea r ,  
however, t h e r e  i s  l i t t l e  i n f o r m a t i c n  a v a i l a b l e  on  g e n e t i c  
d i v e r i t y  o f  y igeonyea f o r  s a l t  t o l e r ance .  
To f i n d  o u t  genotypic  v a r i a b i l i t y  f o r  s a l t  t o l e r ~ n c e  i n  
kigeonpea, a  l a b o r a t o r y  t echn ique  f o r  r a h i d  screening  has  been 
developed invo lv ing  growth pouches con ta in ing  n u t r i e n t  s o l u t i o n  
wi th  d i f f e r e n t  s a l t  l e v e l s .  Growth pouches provided uniform 
s a l t  s t r e s s  throughout  t h e  growth per iod  and occupied minimum" 
space f o r  t e s t l n g  a  l a r g e  number o f  genotypes a t  a  time. I n  t h i s  
experiment s i n g l e  s a l t  (NaC1) was used because  of  t h e  r e p o r t  by 
Ayers and Hayward (1948) t h a t  mixed s a l t s  were l e s s  t o x i c  t h a n  
s i n g l e  s a l t .  Hence it was assumed t h a t  a g e n ~ t y p e  t o l e r a n t  t o  
monosalt (NaC1) w i l l  be having f a i r  chances o f  more t o l e r a n c e  t o  
mixed s a l t s ,  l i k e l y  t o  occur  under f i e l d  cond i t i ons .  Among t h e  
s a l t  c o n c e n t r a t i o n s  used t o  f i nd  o u t  t h e  t h r e s h o l d  l e v e l  o f  s a l t  
s t r e s s  i n  ;igeonpea, 60mM s a l t  l e v e l  was found t o  be acceptab le  
s a l i n i t y  l e v e l ,  i n  almost a l l  t h e  29 genotqpes o f  pigeonpea; 
beyond which (30 snd 12CmM) seeds  could germinate  but  t h e  seed- 
l i n g s  f a i l e d  t o  su rv ive  beyond two weeks. 
Considerable  genotypic  d i v e r s i t y  f o r  s a l t  t o l e r a n c e  was 
not iced  i n  pigeonpea. ICPL 227 stood b e s t  among 29 genotypes 
bq s h ~ w l n g  r e l a t l v e l y  more t o l e r s n c e  l n  t h e i r  grobth a t  66mM 
s a l t  l e v e l .  S ince  t h e r e  was no s u r v i v a l  of genotypes beyond 
two weeks a f t e r  germinat ion,  90 and 120 mM s a l t  l e v e l s  were not  
considered. A t  3CmM s a l t  l e v e l  t h e  shoot growth was s t imu la t ed  
i n  ICPL 227 but  not r c o t  growth. S imi l a r  obse rva t ions  o f  s t imu- 
l s t i o n  o f  shoot growth by s a l t  ( N e ~ l )  were made i n  b ~ i n u s  
l u t w  (Vsnsteveninck & a.9 1982). I n  c a s e  o f  T 15-15, t h e  
r c o t  grovth was s t imule ted  b u t  not  t h e  shoot erobth.  ?he reasons  
f o r  t h i s  d i f f e r e n t l a l  response  o f  shoot  and r o c t  growth o f  a 
genoty te  a t  a ~ a r t i c u l e r  l e v e l  of s a l t  s t r e s s  a r e  not known 
al though such d i f f e r e n c e s  have been r e ~ o r t e d  i n  o t h e r  c rops  
(Maliwal and Pa l iwa l ,  1969). , 
I n  t h e  p r e s e n t  i n v e s t i g a t i o n  wi th  pigeonpea, t h e  l e v e l  of  . 
r e s i s t a n c e  f o r  s a l t  s t r e s s  v a r i e d  wi th  genotype. Some genotypes, 
l i k e  ICP 7035, ICPL 3C4, T7, Bahar were not a f f e c t e d  a t  3 M  
s a l t  l e v e l ,  bu t  were s e v e r e l y  a f f e c t e d  a t  60mM s a l t  l e v e l b o t h e r  
genotypes l i k e  ICPL 366, ICPL 331, ICPL 227, ICPL 362, ICPL 332 
were l e a s t  a f f e c t e d  a t  60mM NsC1. I n  most of  t h e  genotypes both 
shoot  and r o o t  growth were equa l ly  a f f e c t e d .  A number of geno- 
t ypes  were i n t e r m e d i a t e  i n  t h e i r  t o l e r ance .  
Page 50 
Paliwal and Nbliwal (1973) reported t h a t  the re  were s i g -  
n1 f i c an t  v a r i e t a l  d i f fe rences  i n  pigeonpea i n  s a l t  to lerance 
during germination and ea r ly  stages o f  growth. Rao & 
(1981) based on f i e l d  screenlng reported t h a t  some pigeonpea 
genotypes ICP 7623, ICP 7118, ICP 7182, ICP 7035 and 
s c a r a b o i d a  ( w i l d  species  c lose ly  re la ted  t o  ~ i g e o n  pea) were 
more to le ran t  i n  growth a t  0.4p s a l t  s t r e s s  than t h e i r  t o l e r a n t  
check C 11. Gururaja Rao & (19811, on the  ba s i s  o f  e a r l y  
screening i n  laboratory reported t h a t  ICP 7035 was s a l t  t o l e r a n t  
a t  0.48 s a l t  ( N a ~ 1  + CaC12), while i n  our study both ICP 7035 
and C 11 turned ou t  t o  be suscept ib le .  T h i s  d i f ference i s  
probably because of the  d i f fe rence  i n  s a l t s  used. Further,  under 
f i e l d  condit ions the  s a l t  s t r e s s  involves a mixture of s a l t s  end 
the  composition and ccncentra t ion vary from plsce  t o  place end 
time t o  time. So i t  may not be advisable t o  evaluate the  t o l e r -  
ance l e v e l  of a genotype based on t h e  f i e l d  screenlng alone. 
I n  pigeonpea the  s a l t  to le rance  during germination and 
ea r ly  stages of growth was r e l a t i v e l y  g r ea t e r  than a t  l a t e r  
s tages  of  growth. The seed germination was delayed with inc rea -  
sing s a l t  concentrat ion.  However a t  lower l eve l s  o f  s a l t  s t r e s s  
the  f i n a l  germination percentage was st imulated i n  some of t h e  
genotypes ICPH 6, Bahar, LRG 36, ICPL 22/, ICPL 296, HY 3C, 
ICPL 42. 
The c r i t i c a l  s t age  of s a l t  s t r e s s  v a r i e s  w i t h  crop species.  
I n  case of l e n t i l  the  c r i t i c a l  s t age  o f  s a l t  s t r e s s  was germina- 
t i o n  and ea r ly  seedling growth (Jana, 1979), whereas i n  peanuts, 
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s a l t  t c l e r a n c e  was more during germination than  subsequent 
growth (Shelwel J& &., 1969). From t h e  p r e s e n t  r e s u l t s  i n  
pigeonyea, i t  i s  ev ident  t h a t  the  eva lua t ion  of the  genotypes 
f o r  s a l t  t o l e r ance  should not be bssed on germinat ion and/or 
e a r l y  seedl ing  growth a lone  but  based on growth a t  l a t e r  s t a g e s  
i . e .  about 2 weeks a f t e r  sowing a s  well. Eventhough, the t o l e r -  
an t  genotype ICPL 227 showed good performance a t  a l l  s t a g e s  of 
i t s  21 day growth period,  many genotypes d i d  not show good 
perf'ormbnce c o n s i s t e n t l q  a f t  c r  germ1 na t ion .  I n  view of t h i s  
i t  would be adv i sab le  t o  work o u t  thoroughly the  c r i t e r l a  f o r  
s a l t  t o l e r ance  based on performence a t  va r ious  growth s t a g e s  of  
crop. 
?he p re sen t  study ind ica t ed  considerable  genotypic v a r i a b i -  
l i t y  f o r  s a l t  (NaC1) to le rance .  This was bssed on a  s tudy  of 
on ly  breeders  promgsing l i n e s  which a r e  usua l ly  considered t o  be 
having a  narrow gene t i c  base due  t o  t h e  continuous inbreeding 
followed by a  s e l e c t i o n  i n  a  g iven  s e t  of agronomic cond i t i on  
f o r  a  p a r t i c u l a r  c h a r a c t e r  u s u a l l y  connected with i t s  y i e l d  ab i -  
l i t y .  This being so, g r e a t e r  genotypic d i v e r s i t y  can be expected 
f o r  s a l t  t o l e r a n c e  i n  pigeonpea germplasm c o l l e c t i o n  which h a s  
about 10,000 accessions.  With few mimr modif ica t ions  t h e  sc reen -  
ing method adopted can be used f o r  l a r g e  s c a l e  screening o f  
pigeonpea germplasm f o r  s a l t  t o l e r ance .  
5.2 SALT 'XlLERANCE AMilNG PIGWNPW RHIZOBIA 
Legume-Rhizsbium s m b o i s i s  I n  s a l i n e  s o i l s  may be l i m i t e d  by 
many f a c t o r s *  One of the important  factors i s  t h e  a b i l i t y  o t  
m z o b m  t o  surv ive  end m c l t 1 ~ 1 ~  i n t h e  rhizosyhere of  hos t  
legume under s a l i n e  condit ions.  Rhizobia a r e  considered t o  be 
I 
more t o l e r a n t  t o  s a l t  than  t h e i r  hos ts  and, cons iderable  v a r i -  
a t i o n  among spec i e s  and s t r a i n  . s  of u z o u  w i t h  r e spec t  t o  
t h e i r  t o l e r ance  t o  s a l t s  has  been reported by s e v e r a l  au thors  
(Yadav and Vyas, 1971 ; Et t l i r a j  & d., 1972 , Sing le ton  & d., 
1982, Rai and Prasad,  1984). I n  t he  present  experiment w i t h  
pigeonpea, p h i z w  i s o l a t e s  a l s o  showed s i g n i f l c a n t  v a r i a t i o n  
i n  t o l e rance  t o  s a l t  s t r e s s  (NaCl) end the  to l e rance  ranged from 
0.25# t o  NaCl I n  t h e  y e s s t  e x t r a c t  mannitol agar  medium. 
I n t e r e s t i n g l y ,  cons ide ra l e  v a r i a t i o n  was observed between 
t h e  f a s t  and slow growing Rhizobia. I n  ca se  of f a s t  growers, 
t he  t o l e rance  ranged from l)# t o 5$ s a l t  i n  t h e  medium, while  i n  
ca se  of  slow growing Rhizobia t h e  to l e rance  ranged from 0.258 t o  
2% s a l t  l e v e l .  Out o f  the 5  f a s t  growers t e s t e d  a t  8 d i f f e r e n t  
s a l t  l e v e l s  i n  the medium (0 t o  5#.. only one s t r a i n  IHP 24 could 
grow up t o  58 s a l t  l e v e l  i n  t he  medium w i t h  roughly 508 reduc-  
t i o n  i n  colony s i z e .  Fur ther  t e s t s  revea led  t h a t  t h i s  s t r a i n  
could grow even up t o  7# s a l t  l e v e l  but  with colony s i z e  d r a s t i -  
c a l l y  a f f ec t ed .  This  is t h e  f i r s t  r e p o r t  of a  being 
a b l e  t o  grow up t o  a s a l t  concen t r a t ion  of  7FNaCl  i n  t h e  medium. 
The r e l a t i v e  t o l e r a n c e  of' t h e  5 f a s t  growing Rhizobik c&rl b e  
shown a s  : IHP 24 > IHP 506 7 IW 7 100) BDNA 2 > IHP 70. Of these, 
IHP 24 and BDNA 2 were j s o l e t e d  from t h e  normal s o i l s  end t h e  
remaining from s o l i n e  s o j l s  ( n a t i v e ) .  Bharadwaj (1972) r epo r t ed  
that Rhizobia from normal s o i l s  could not b e  we l l  under s a l i n e  
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s t r e s s  conditions. But we d i d  not f ind any di f ference between 
the  nhtive and exo t ic  (from normal s o i l )  s t r a i n s ,  i n  to lerance 
$ 
to s a l t ;  i n  f a c t  the most s a l t  t o l e r an t  Rhizobial s t r a i n  IHP 24 
was lsolatted f r ~ m  the  normal so i l .  Bharadwaj (19753 l a t e r  
reported t ha t  he d i d  not f ind any di f ference In  surv iva l  a s  well 
a s  symbiotic a b i l i t y  between native and exot lc  rh izob ia l  s t r a i n s .  
Recently, Singleton & (1982) reported t h a t  the i s o l a t e s  from 
sa l ine  s o i l s  a r e  not cons i s ten t ly  more to le ran t  t o  s a l t  than 
i s o l a t e s  from non-saline s o i l s .  
I n  case of slow growing Rhizobia growth was s l i g h t l y  
bffected between 1 .  and p s a l t  l eve l .  The r e l a t i v e  to lerance 
of the  9 slow growing s t r a i n s  i s  shown here r IHP 484)IHP 
87)IHP 213)IHP 35)KA 1)rCC 1)IHP 69)IHP 195 =F4. 
A l l  these s t r a i n s  except IHP 69 and IHP 87 originated from 
normal s o i l s  and here a lso  no major d i f ference between na t ive  
and exotic s t r a i n s  i n  s a l t  to lerance was observed. 
Fast growing Rhizobia were r e l a t i v e l y  more s a l t  t o l e r an t  
than slow growers. P i l l a i  and Sen (1969) reported t ha t  poly- 
saccharide gum formation i n  f a s t  growing &izobiypl s t r a i n s  
increased with increas ing N 6 C l  i n  t he  medium, and a l so  t he r e  
was va r i a t i on  i n  the capaci ty  of s t r a i n s  t o  form gum In presence 
of equal amounts of s a l t s .  The production of gum by a s t r a i n  
may be a measure of p ro tec t ion  agains t  excess s a l i n i t y .  This  
explains the  reason why f a s t  growers a r e  more s a l t  t o l e r an t  than 
slow growing Rhizobia* Single ton & (1982) reported t h a t  
t h e  slow growers were not  more t o l e r a n t  t han  f a s t  growers i n  
case  of  soybean Rhizobium i s o l a t e s .  
, 
P i l l s i  and Sen (1966) repor ted  t h a t  I n  ca se  o f  , & . t , r i f o u  
t h e r e  was o progres s ive  dec-rease of growth wjth inc rebse  i n  
s a l i n i t y  of the  medium. I n  pigeopea-Rhizoblylp i s o l a t e s  a l s o  
t h e r e  was H progres s ive  decrease  i n  colony s j z e  with inc reas ing  
s a l l n j t y  of t he  medjum ; but  w l t b  IHP 24 grown up t o  3$ NeC1 
there WRS not much d i f f e r e n c e  i n  t h e  colony s i z e .  
'he r e s u l t s  of  t h j s  expe r iyen t  i n d i c a t e  t h a t  many pigeon-  
pee  Rhizobia could grow normally a t  N s C l  concen t r a t ions  t h a t  a r e  
i n h i b i t o r y  t o  t h e  hos t  p l a n t  1.e. 0.5y NaCl i n  t h e  mediuui. The 
m i n l ~ u n  t o l e r a ~ c e  limit i n  most o f  t h e  s t r a i n s  w ~ s  more than  
O.E@'salt, So i t  seems t h a t  t h e  s u r v i v a l  and m u l t i y l i c a t i o n  of  
Rhizobiuq may not be a  l i m i t i n g  f a c t o r  f o r  e s t a b l i s h i n g  pigeonpea. 
&&&&urn symbiosis under s a l i n e  cond i t i ons .  
I t  may be always b e t t e r  t o  s c r e e n  and s e l e c t  Rhizobia f o r  
s a l t  t o l e r a n c e  based on growth and symbiot ic  a b i l i t y  under s a l i n e  
s t r e s s  cond i t i ons  r a t h e r  than  t a k i n g  growth a lone  a s  a  criterion, 
Eventhough t h e  hos t  t o l e r a n c e  p l a y s  an important  r o l e  i n  dec id ing  
t h e  symbiot ic  performance, presence  o f  a t o l e r a n t  a s  w e l l  a s  
symbio t i ca l ly  e f f i c i e n t  Rhizobium i s  v e r y  e r e e a t l a 1  f o r  t h e  
s u c c e s s f u l  symbiosis under s a l i n e  s t r e s s  condi t ions .  
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5.3.  LFFE;CT iIF SALT S7'hESS O N  GRO\,.TH, NODLJLATION, N1I'ROCL;JASE 
( A C E ~ L E N E  W D ~ C T I ~ N )  A C m I V I  'IT, NITROGEN A N D  PIIOSPE0R~)dS 
UPTAKE OF 4 PICLONPEA GENOTYPES INdCJLA'!'ED WITH 2 
R H I Z O B I U M  STRAINS 
Nodule I n 1  t l a t l o n  i n  t h e  legume-Rhizobiqg syni; i o s i s  I n v o l v e s  
a complex i n t e r a c t i o n  between h o s t  r c o t ,  R h i z o b l a l  s t r i  i n ,  and 
the  envlronrnent. Any assessment  of t h e  feasibility o f  growing 
iegumes under s a l i n e  c o n d i t i o n s  needs t o  c o n s i d e r  t h e  e f f e c t s  o f  
s a l i n i t y  on legume-JkJ zol iurn syrribiosi s. I n  t h e  p r e s e n t  l n v e s t l -  
g a t i o n ,  t h e  e f f e c t s  o f  s a l t  s t r e s s  on t h e  s q ~ l ~ t i u t i c  s b i l i t y  o f  
4 genotypes  o f  pjgeonpea i n o c u l a t e d  wi th  two d i f f e r e n t  R h i z o t i b  
were s t u a i e d  t o  f ind  o u t  t r ~ t  l~lvolverlient of' h o s t  t o l e r a n c e  t o  
sblt  i n  t h e  sqrnbiotic n i t r o k e n  f i x a t i o n .  3f f h e  2' Rhizob iur~  
s t r a i n s ,  IHP 100 c o l l e c t e d  from t h e  s a l i n e  s o l 1  was f a s t  
grower and h i g h l y  s a l t  t o l e r a n t ,  w h i l e  IHP 195 an e x o t i c  s t r a i n  
was 6 slow grower an0 s e n s i t i v e  t o  s a l i n l t y .  Both t h e s e  s t r a i n s  
& r e  e f f e c t l v e  I n  N? f j x a t l o n  i n  ~ j m b 1 0 s i ~  wl th  pigeonpee.  
I n  pigeonpea,  in;:rbt?asing s a l t  s c r e s s  decreased  t h e  numbel. 
o f  nodu les  bnd t h e  t o i , a l  ilodule d r y  we igh t .  k t  30mM, t h e  number 
of nodules  was s e v e r e l y  reduced I n  c a s e  o f  ICPL 358, ICPL 332 and 
C 11, but  n o t  i n  t h e  t o l e r a n t  genotype ICPL 227. However, even 
a t  60 and 75 mM NaCl t h e r e  was ev idence  o f  nodule fo r rns t jon  even 
though t h e  h o s t  p l a n t  d i d  n o t  s u r v i v e  bejond 25 days .  I n  legumes,  
t h e  degree  of  s a l i n i t y  C O I I ~ I ~ C ~ V ~  f o r  good n o d u l a t i o n  is d i f f e r e n t  
from t h e  l i n l t s  o f  t o l e r a n c e  of  e i t h e r  of  t h e  symbio t ic  p a r t n e r s  
( S i n g h  a., 1373). Ho.,ever, t n e  r c s p o q s e  t o  s a l t  s t r e s s  in 
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n o d u l a t i o n  and n i t r o g e n  f i v a t i o n  v a r i e s  wl t h  legume s p e c i e s .  
Nodulat ion of a l f a l f a  wzs r e l a t i v e l y  r e s i s t a n t  t o  s a l i n i t y  
( N a ~ l ) ,  whereas n o d u l a t i o n  o f  soybean was s e v e r e l y  a f f e c t e d  
( B e r n s t e i n  and C g a t t a ,  19663. I n  T r i f o l i u m  alexsndr lpyrp 9 
s t l j n l t )  d i d  not  a f f e c t  t h e  n o d u l a t i o n  ( P i l l e l  and Sen,  19661, 
wherecs i n  j j c l ~  f ~ b g  s e l i n i t y  s u p p r t - r . s ~ d  t h e  nurnb:~ o f  nodules  
( Y o u s ~ f  and S p r e n t ,  1983) .  
I t  wes r e p o r t i d  t h a t  t h e  e a r l j  p r o c e s s e s  jnvolved In nodule  
f c r m a t i o n  of s o ~ b e a n  were ex t remely  s e n s i  t l v e  t o  s & l l  n i ty(NaC11 
t h ~ n  odule  f u n c t i o n  and d e v e l o p n e n t  ( S i n g l e t o n  and Bohloo l ,  
1984). S e v e r s 1  s t u d i e s  i n d i c a t e d  t h a t  t h e  main e f f e c t  o f  s a l l -  
n l t y  (r ' ibC1)  on n l t r o g e n  f i x a t i o n  r e s u l t e d  from s a l t  i n i u r q  t o  
t h e  h o s t  ( k i l s o n ,  1970) .  Tu (1381)  described t h a t  t h e  d e c r e a s e d  
R h i z o k i a l  c o l o n i z a t i o ~ ,  and s h r i n k a g e  o f  r o ~ t  h a i r s  Mere t h e  
majn r e a s o n s  f o r  syr. ibiotic f a l l u r e  I n  soybean a t  h igh s a l i n i t y  
w p l l e  S i n z l e t o n  and Eohloo l  (1984)  r e p o r t e d  t h a t  I n  s n j b e a n  t h e  
c o l o n i z a t i o n  o n  t h e  r o o t  s u r f a c e s  was no t  a f f e c t e d  even tit h i g h  
s a l t  s t r e s s  c o n d i t i o n s .  Lakshmi Kumari & d., (19'74) r e p o r t e d  
t h a t  i n  l u c e r n e  t h e  r € , ~ d c t i o n  i :1  n c a ~ l e  nufiber under s a l t  s t r e s s  
was due t o  s u p p r e s s i o n  o f  r o o t  h a i r s  as  w e l l  a s  muc i lag inous  
l a y e r  l e a d i n g  t o  t h e  e l i m i n a t i o n  o f  r h i z o s p h e r e  and i n f e c t i o n  
t h r e a d  f o r m a t i o n .  However, i n  P r o s ~ i 3  t a m s r y g ~  t h e  sqrnbiosis  
was n o t  a f f e c t e d  even a t  3.w daC1 l e v e l  ( F e l k e r  & d., 1981) .  
I t  i s  e v i d e n t  t h a t  t h e  f a i l i n g  o f  syrntriosis i n  s a l l n e  c o n d i t i o n s  
was mainly  due t o  e i t h e r  t h e  h o s t ' s  i n ~ ~ b i 1 i t . i  t s  p r o v i d e  cGnge- 
n i b 1  m i c r o z n v i r ~ f i ~ ~ e n t  t o  i t s  S j ir ibiotic p t r t n e r  a r  t h e  
fihlyoblum* 2 i n a b i l i t y  t o  I n l ' e c t  t h e  hos t  ~ n d  c a u s e  nc t i u l e  
l n i t i & t l o n .  If bo th  a r e  e f f ' i c i e n t ,  s y m k i o s i s  may not  be a 
l i m l t l n g  f a c t o r  u n d e r  s a l i n e  s t r e s s  c o n d i t i o n s .  
I n  p igeonpea ,  IHP 195 was symbiotically more e f f e c t i v e  
t h a n  1FP 100  under  s s l t  s t r e s s  c o n d i t i o n s ,  e v e n t h o ~ i y h  t h e  
l a t t e r  was a s t r n i n  c o l l e c t e d  frcrn t h e  s a l i n e  s o i l  and h i g h l y  
s s l t  t o l e r z n t .  The  r o l e  o f  Rhlzobium i n  enhanc ing  t h e  t o l e r a n c e  
a b i l l t y  of  t h e  h o s t  I s  f u r t h e r  e s t a b l i s h e d  w i t h  s u p e r l o r  p e r f o r -  
mance o f  a  geno type  w i t h  o n e  s t r a j n  o f  Rhizot,lutc and n s t  w i t h  
o t n e ~ .  I t  a l i2ea r s  t h d t  i n  p r e s e n c e  o f  a t o l e r a n t  h o s t  and a 
s y m b i o t i c a l l y  e f f e c t i v e  Rhizol,iunl s t r a i n  un:ler s a l i n e  s tress 
c o n d i t i o n s ,  f a i l i i l g  o f  symbiosis may no t  be a l i m i t , i n e  f ~ c t 3 r  
i n c  c a s e  o f  p igeonpea .  
I n  plgeony er., g e r l o t > ~ c s  Brown a t  v ~ r i o u s  s a l t  l e v e l s  showed 
no a d v e r s e  e f f e c t  o n  t h e  t o t a l  n o d u l e  a c t i v i t y  even though t h e  
n o d u l e  n u ~ b e r  snd l e a f  a r e ?  were  c o n s i ~ ~ e r ~ . h l y  a f f e c t e d .  I t  i s  
q u i t e  s u r p r i s i n g  t h a t  t n e  t o t 6 1  n i t r o g e n ~ s e  a c t i v i t y  was n o t  
r f  f e c t s d  even up t o  3"zX N & C l ,  a l t 5 a a g h  t h e r .  W E S  a s i g n i f l c ~ ~ t  
i n c r e b s e  i n  t h e  s p e c i f i c  s c t j v i t y  u n d e r  s i m i l ~ r  s a l t  s t r e s s .  
T h i s  i s  c o n t r a r y  t o  t h e  r e p o r t s  o f  kouse f  and 5 p r e n t  (13831, 
Wilson (197C)t  R a i  (1983)) who n o t i c e d  low nodule  n i t r o g e n a s e  
a c t i v i t y  u n d e r  s a l t  s t r e s s  c o n d i t i o n s  I n  f r k a b e e n ,  soybesn  and 
l e n t i l  r e s p e c t i v e l y  anc! a c c o r d i n g  t o  them t h e  r e d u c t i o n  o f  
nodu le  a c t i v i t y  was mzin ly  d u e  t o  t h e  r e d u c t i o n  of  l e a f  e r e a  
2 n d  r e d u c t i o n  i n  t h e  p h o t o s y n t h e s i s  r a t h e r  t h a n  t h e  p r l m a r y  s a l t  
t o x i c i t y  t o  t h e  riodule a c t i v i t y .  
Pnge 5r, 
T h e  p e r c e n t a g e  n i t r o g e n  i n  the s h o o t ,  r c o t  a n d  n o d u l e s  
have sh-un g r a d u z l  i n c r e t s e  b . ' i th  i n c r s c s i n g  S t l t  s t r e s s .  I t  
i s  not  kn, ..in wlletkjer tk,e i ! l c r ~ ,  s e  Irl  t.tie s p e c i t ' i ~  a c t l v l t ) .  
w i t h  s a l i n i t y  was d u e  t o  t h e  q u i c k  r e c o v e r y  r e s p o n s e  o r  t h e  
g e n o t y p e s  ( 8 s  t h e  a o d u l e  a i t . i v i t y  was mec;suri>d 20 d a y s  a f t e r  
t h e  s a l t  s t r e s s  was removed) o r  due t o  accurnula t , ion  o f  i n t e r -  
rnedihte nj  t r c g e n o u s  compunds ( ~ t r o p o n o v ,  1940) o r  d u e  t o  
prc t c c t i v e - o d c p t  i v e  r e s j , o n s e  o f  t h e  p l z n t s  t l nrling arn~r~onla e t c .  
(Strogonc-v,  1958) s ~ l s c e p t l t l e  g e n o t y p e s ,  showeld h l g h  s; lecl  f i c  
s c t l v l t )  t h a n  t h e  t o l e r a n t  g e n o t j p o s .  T t ~ e  t , i g h  n i  t r o g e c  p e r -  
c e n t s g e s  i n  t k e  st;oot a s  w e l l  as I n  ttie r o o t  d r y  r n t t t e r  niry b e  
due t o  t h e  q u i c k  g r o k t h  a f t e r  remcving s a l t  s t r e s s .  Eu t  w h e t -  
e v e r  may be t h e  n i t r o g e n  de!nand o f  t b c )  p i ~ n t  t h e  nodlile f u n c -  
t i o r l i n g  i s  de; enden t  u p t  ri t hi-: 2riel.g) sl ipp1.j  i ng C~~~:.CI  t y o f  t ,he  
pl : .n t  wt-l-ich i:; { i j r e c t l g  r c l n t ~ ; r l  t o  l e ~ . ~ '  LrcL. Even t  bocgh ,  t h e  
i e ~ f  i ~ ~ ~ ~ l i t  I n  pi ;i:rinpea war recluced concic!crct , l},  d u e  t o  l-be s e l t  
s t r e s s ,  t h e  h ig f l e r  ilemand far r i l  t r o g e n o u s  cl ;~, i :aunds duving t h e  
qu i c l ;  r e c o v e r y  l .erblod o f  grol.;tt ,  1 3 i g h t  have  t riggereci tile n o d u l e  
a c t i v -  t y  arid tlle ' %Zj/ t r y  t o  ;)ii,np r.;ost o f  tk:e p l , ~ ) t o s y ~ ~ i  h a -  
t e s  t o  t h e  a ~ d u l e s  s o  t i .a?  i l :  chn a s s i l n i l o t e  rnore r i i t r -ugen,  
which i s  a n  e s s e r i t i t i l  r e q u i r e : .  e n t  f o r  t;hc growt,h o f  t h e  p i a n t .  
hnc . the r  p o s s i t l e  r e b s o n  f o r  h ' c h  s p e c i  f l c  nodu ie  a c t i v i t y  an6 
b . igher  a1 t r c g e n  p e r  cent  J n  shoot, r o o t  and nr d u l e s  c c u i d  be 
tile requ i rcn len t  of n i t r o g e n o u s  conpourlds I n  i t s  mechanism o f  
t ~ i e r c i r i c e  l i k e  ~iccu!a;;btion sf' d i c a ~ * t o x : i l i c  o:n!no s c i d s  i q  sr>ne 
c r , j p s  ur,der s c l i , ~ ?  s t r e s s  c , ;nd i t jons  t o  neutr .b l !  s e  t h e  t q u i c  
e f f s c t  b y  c c c e p t i n g  o f  snmonia ( s t r c g ; n o v ,  1958). 
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Under s a l i n e  cond i t i on ,  phosphorcus uptake I s  l l k e l y  t o  
be a f f e c t e d  ( Jana ,1979)  due t o  t he  compet i t ion  of s a l t  i o n s  
with phosphate  i ons .  S ince  phosphorus has a  key r o l e  i n  t h e  
n tdu le  development, i t  i s  e s s e n t i k l  t o  know whether  t h e  e f f e c t  
o f  s a l t  s t r e s s  on nodule development and nodule a c t , j v i t y  I s  
due t o  t he  pr imary s a l t  t o x i c i t y  t o  t h e  nodules  o r  due t o  t h e  
secondary e f f e c t  l l k e  t he  n u t r i e n t  (phosphorous)  d e f i c i e n c y .  
For  t h a t ,  phosphorous con ten t  I n  t h e  dry m a t t e r  of  v a r l o u s  
genotypes a t  v a r i o u s  t r ea tmen t  s a l t  l e v e l s  was ana lysed .  
S a l i n l t y  i nc reased  t h e  r o o t  phosphorous con ten t  i n  c a s e  of  
soybean (Gs te s ,  1970) and cons idered  t o  be a s s o c i a t e d  wi th  mech- 
anisms f o r  c o n t r o l l i n g  t h e  s a l t  e n t e r l n g  the r o o t s  and p reven t -  
ing i t ,  e s p e c i a l l y  t h e  sodium, from pass ing  t o  t h e  shoot  t i p s .  
I n  pigeonpea a  h lghe r  phosphorous pe rcen tage  i n  t h e  shoo t s ,  
r t c  t s ,  and nodules  a t  30 and 45  mM s a l t  l e v e l s .  I n  ca se  of  
r c o t s ,  phosphorous content  has  been d i s t i n c t l y  Inf luenced  by 
Jj.hizobiym s t r a i n .  A l l  p igeonpea genotypes inocula ted  wl t h  
I H P  100 t c c k  more phosphorous t h a n  w i t h  IHP 195. L l e  (1971) 
observed t h a t  r h i z o b i a  h e l p s  I n  I n c r e h s i n g  the  up  t ake  of phos - 
phorous and o t h e r  i ons  by legumes. I f  t h e  p re sen t  s tudy  i s  any 
i n d i c a t i o n  o f  t he  involvement of  .Bhlzobluy i n  increased  up take  
o f  phosphorous by  t h e  hos t  legume, s c r e e n l n g  o f  a  wide range  of 
i s o l a t e s  might g lve  s t r a i n s  wi th  v a r i a b l e  e f f e c t s  on P up take  
by pigeonpea.  Fu r the r  s t u d i e s  a r e  needed t o  e l u c i d a t e  t h e  r o l e  
of  Rhlzokia i n  P uptake and i t s  r e l a t i o n  t o  s a l i n i t y  s t r e s s  and 
N f i x a t i o n  i n  pigeonpea-  
"he h i g h e r  p e r c c ' l t a g e s  o f  khos;horous l r ~  t h e  s h o o t  o f  
p igeonpea and nodu les  might  be due t o  t h 2  n e c e s s i t y  o f  r : ,~  i d  
r e c o v e r y  u n d e r  s a l t  s t r e s s  and develop t o l e r a n c e .  S i n c e  t h e  
t o l e r a n c e  mechbnlsm i s  connec ted  wi th  huge energy  r e a u i r e -  
rnents, t h e  b 1 ~ h  pkosyhorous  ; , e rcen tege  i n  t h e  s t . o ~ t  arid 
nodu les  a t  hjeher s a l t  l e v ~ l s  rlaj be rzl1uirt.d f o r  g e n c r ~ t i n g  
more enerey  (b7'P) t h a n  what i s  r e l u i r e d  f o r  t h i  r e sL , l r l ; t ion  
o t ~ ?  c ~ r b o t l j d r a t e  n ~ e t a b o l  j sm of 1 l a n t s  under  normal c o r i d i t i o n s .  
I n  pigeony,e& d u r l n g  e a r l y  s t a p e s  of growth a t  4 5  and 
60mM st  l t  l e v e l s  l e a f  n e c r o s i s  appeared  followed by b l e ~ c h i n g  
o f  c h l o r o p h y l l  and f i n a l l y  t o  n e c r o s i s  and d e ~ t h  o f  t h e  p l a n t .  
B l e s c h i n g  o f  chlc , roph;  11 i s  c o n s i d e r e d  t o  be accomkallied by a  
decreslse i n  t h e  s t r e n g t h  o f  t h c  bcnri between t h e  g r e e n  j,lgment 
and prc t e l n  o f  t h e  chlc r c p l k ' s t  l e a d i n g  t o  n e c r c t , i o s i s  (S t rogonov  
and I v a n i l s k b y z ,  1954) .  S a l i n i t y  a l s o  inciuces o t h e r  cklcnges 
a s  F!;o and Rbo (1382)  o b s c r v e d  s u c c u l e n c e  I n  p igeanpce  w l t h  
N s C 1  s h l t  s t r e s s .  'T'he d e g r e e  o f  s u c c u l e n c e  mb) be  a s s o c i a t e d  
w l t h  t h e  d e g r e e  o f  s a l t  t o l e r a t l c e  o f  t h e  p l o n t  ( ~ t r o g o r i o v  and 
?lurarlova, 1960). I n  t h e  p r e s e n t  e x p e r i m e n t ,  t h e  t o l e r b n t  geno-  
t y p e  ICPL-227 even a t  45rn:d s a l t  l e v 5 1  s i xwed  no s u c c u l e n c e  was 
n o t i c e d .  A g e n e r a l  r t ? d u c t i o n  i n  t h e  s h o o t  h e i ~ h t  and p l a n t  d r y  
w e i f h t  a t  h i g h e r  s n l t  l e v e l s ,  i n  a d d i t i o n  t o  t h e  r e d u c t i o n  i n  
t h e  le;f a r e a ,  rntry be due t o  I n h i t  i t i o n  o f  c e l i  t i i v i s l o n  
( S t r c g c  nov, 1964) or re t iuc i lo r i  i n  t h e  r a t e  o f  t r z n s 1 o c a : l o n  of 
phot,cl:;)nthtites from t h e  l e ~ v e s  t o  o t h c r  p l a n t  kci r ts  c s  was 
r e p o r t e d  by Deshpande and Nimbalkar (1982)  I n  p igeonpeb.  T h e r e  
was cons l  d e r i . b l e  geno t j p l c  d i f  f ' c rences  i n  t h e  r e s p o n s e  o  f s a l t  
s t r e s s  i n  ; i g e ~ n !  e a .  
"he p r e s e n t  s t u d y  i n d i  c s t e s  t b a t  cons1 d e r a t i l e  genot  ~ p l c  
v a r l b t i o n  e x - l s t s  i n  pigecnp-eti i n  r e l a t i o n  t o  s t - l t  t o l e r c l n c e .  
I n  t h e  p r e s e n c e  o f  a s a l t  t o l e r a n t  plceonpe:, geno type  and sym- 
t i o t i c b l l y  e f f i c i e n t  R h i z o b i u ~  under  s b l i n e  s t r e s s  c o n d i t i o n s ,  
t h r  f a i l i n g  o f  s y m b i o s i s  may not  b e  a l i ~ n j t i n g  f a c t o r  f o r  
normbl g r o a t h  o f  t h e  p igecnpea .  The nodule  e c t i v l t y  d i d  n o t  
seem t o  be a f f e c t e d  bg t h e  s c l t  s t r e s s  where t s ,  h i g h  & r & m  n o d u l e  
z i c t i v i t y  an0 t , i k h  ; e r c c n t n g e s  o f  n i  t r e y e n  c c c u ~ n u l ~ i  Pion wes rlvted 
i n  the r c c  t ,  s h c o t  tn? not- lules  & t  v t r i i u s  s b l t  l e v e l s .  7t ie  s o i e  
o f  rsi j z ~ l t l t l  s t r u j n r  i n  t h e  ;lt,ccpt L r . o i ~ s  ~ i p t ~ k a  o f  1~1gcdnper .  i s  
a l s o  i r i t e r e s t i r i g  arid w ~ r t k !  p r ~ k i n g  f u r t h e r .  

The imkortance o f  s a l t  toler : .nce i n  pIgeon1,ca i s  emhhssi- 
zed by t h e  f a c t  t h a t  h i eeon lea  i s  a  mejor b u l s e  crop of semi- 
a r i d  land and t h e  a rec  o f  s s l t  a f f e c t e d  s o i l s  i n  a r i d  and senli- 
a r i d  land i s  Inc reas ing  d r ~ m a t l c e l l y .  One of t h e  appro tches  of  
making t h e s e  lanc2s ~ r o t i u c t j v c  i s  t o  modify t h e  c rops  g e n e t i -  
c a l l y  towards b e t t e r  a d a l t i o n  t o  s e l i n e  environment.  S ince  
legumes a r e  one  of  t h e  most important  source  of p r o t e i n ,  a  
s o l u t i o n  i n  t h i s  d i r e c t i o n  i s  l i k e l y  t o  heve a  d i r e c t  I r n ~ s c t  on 
the  develo~rnent  o f  a ~ r i c u l t u r a l  r e sou rces  c o n t r l t u t i n g  towards 
the  econtmy of  nutritional needs. dn ly  a  few p re l imina ry  
s t u d i e s  have been made on t h e  e f f e c t s  of s a l t  s t r e s s  on e d i k l e  
seed legumes and l 1 : t t l e  i s  known about t h e  g e n e t l c s  of  s e l t  
t o l e r e n c e .  Leeumes invo lve  an a d d i t  i t  n a l  cha l l enge ,  e s  one 
must t a k e  I n t o  account t h e  crop a s  w e l l  a s  i t s  symbiosis wi th  
Rhizobium. S ince ,  t h e r e  I s  need f o r  a d d l t j o n  and a p p l l c a t l o n  
of  g e n e t i c  dimenslon t o  r e s e a r c h  and development dea l lng  with 
s t r e s s ,  t h e  ~ r c s e n t  investigation was underteken with t h e  
o t j e c t l v e  of determining g e n e t i c  v a r l a t i o n s  i n  pigeon; eti and 
it,?, r h l z o b l e  f o r  s a l t  t o l e r a n c e  a s  w e l l  s s  t h e  na tu re  of n l t r o -  
gen f i x a t i o n .  Ihe accompl lshaents  so f a r  have been : 
Considerable  genotypic  v e r l a t i o n  t o  s a l t  t o l e r a n c e  i n  
~ i g e o n p e a  was not lced .  O u t  o f  29 genotqpes t e s t e d  a t  5 s a l t  
l e v e l s  by s o l u t i o n  c u l t u r e  I n  growth pouches, ICPL 227 grew 
b e t t e r  a t  h igh  s a l t  l e v e l s  t han  a l l  o t h e r s  and can be c o n s i -  
dered a s  a  t o l e r a n t  one. stilt l e v e l  o f  60mM was found t o  
be  t h e  l i m i t  f o r  s u r v i v a l  of  plgeonpea genotypes t e s t e d .  
The s a l t  t o l e r a n c e  d u r l  ng seed germinat  i o n  w e ?  r e l n t l v e l y  
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m r  than a t  l a t t e r  s t o e e s  o f  prowth. So I t  I s  not ~ r l v l s ~ ~ h l e  
t o  e v b l u a t e  s b l t  t o l e r a n c e  o f  plgeonkea based on germlnst  i o n  
a l o n e  b u t  b l s o  growth a t  l a t t e r  s t a g e s  ( i n  abc'ut 3 weeks ~ f t e r  
sowing). 
A s c r e e n i n g  t e c h n i a u e  h a s  been developed wt-ich w i t h  minor 
m o d i f i c a t i o n s ,  can be  used f o r  l a r g e  s c a l e  s c r e e n i n g  of germplasm 
f o r  s a l t  t o l e r a n c e .  
The p igeon i  ea-posi  t i v e  Rhlzoblum s t r b i n s  showed s i p n l  f j c b n t  
v a r i a t i o n  I n  NaCl t o l e r a n c e  i n  t h e  y e z s t  mannl to l  a g n r  medium 
whlch ranged from q.?5$ t o  5% s a l t  l e v e l .  S t r a i n  IHP 24 proved 
t o  be most t o l e r a n t .  
Among t h e  r h i z o b i a l  s t r a i n s ,  f a s t  growers were found t o  be 
r e l a t i v e l y  more t o l e r a n t  t h a n  slow growers,  anti t h e r e  was no 
ma:or d i f f e r e n c e  between n z t i v e  ( f rom ski; ne s o j  1s) and e x o t i c  
( f r c m  normal s o i l s  ) r h i z o b i a l  s t r a i n s  i n  t h e i r  s h l t  t o l e r a n c e .  
:he most t o l e r a n t  s t r c i n  IHP 24 was i s o l s t e d  from norrntl s o i l .  
I n  ? lgeonpea,  t h e  s u r v i v a l  and m u l t i p l i c ~ t l o n  o f  Rhl zoblurq 
i n  t h e  r h i z o s p h e r e  ms) not be a  l l q l t l n g  f a c t o r  f o r  e s t k b l i s t ? i n g  
ti-e sbmbios i s  under s8li ne c o n d i t i o n s ,  a s  t h e  mirlimum t o l e r h n c e  
l i m i t  i n  most o f  t h e  s t r a i n s  i s  m c r t  t h t n  n.5$ s a l t .  
S c r e e n i n g  and s e l e c t i o n  o f  R h l z o b i u  f o r  sb l t  t o l e r e n c e  
based  on growth and symbio t ic  ability should be a  b e t t e r  c r i t e -  
r i o n  t h a n  growth a lone .  For  example, under  s a l t  s t r e s s  IHP  1 9 5  
was s y m b i o t i c a l l y  more e f f i c i e n t  s t r a i n  t h a n  IHP 100 ,eventhough 
t h e  l a t t e r  was found t o  be more t o l e r a n t  i n  t e rms  o f  growth.  
The hos t  t c l e r a n c e  p l a y s  &n important  r o l e  i n  dec id ing  
t h e  symbiot ic  kerformbnce but  t h e  presence  of a  t o l e r a n t  and 
s y t n t l o t i c a l l y  e f f i c i e n t  R h l  zobium j s very e s s e n t i a l  f o r  o succ-  
e s s f u l  symbiosis  under s a l l n e  cond i t i ons .  
I n  t he  t o l e r a n t  genotypes l i k e  ICPL 227 t h e  nodula t lon  
and o t h e r  growth parameters  such a s  l e a f - a r e a  and d r y  m a t t e r  
were l e a s t  a f f e c t e d  under s a l t  s t r e s s .  I n  c a s e  of s u s c e p t i b l e  
o r  moderately t o l e r a n t  genotypes nodula t ion  and growth were 
more a f f e c t e d .  
The n i t rogen  f i x i n g  p o t e n t i a l  of t h e  nodules  was not 
a f f e c t e d  by s a l i n i t y  i n  any of t he  genotypes though t h e  l e a f -  
a r e s  was consir jerably a f f e c t  ed. 
The h j g h  s p e c i f l c  n i t r o g e n a s e  a c t l v l t y  and an i n c r e t s e  i n  
n i t r o g e n  content  of shoot ,  r c o t  and nodules under s a l t  s t r e s s  
w ~ s  u r p r l s j n g l y  c o n t r a d i c t o r y  t o  p rev lous  r e k o r t s  anri r a j s e s  
q u e s t i o n s  a s  t o  the  involvement of  n i t rogenous  compounds i n  
t h e  mechanism of s a l t  t o l e r a n c e .  
Under s a l t  s t , r e s s ,  p h o s ~ h o r u s  uptake was not adve r se ly  
a f f e c t e d  and t h e r e  was an I n c r e a s e  i n  phosphorus c o n c e n t r a t i o n s  
i n  a l l  t h e  genotypes t e s t e d .  There was a l s o  an e f f e c t  of  r h i z o  
b i a l  s t r a i n  on phosphorus uptake,  e.g., pigeonpea Inocu la t ed  
w l  th IHP 100 accumulated more phosphorus than  with IHP 195. 
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